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FOREWORD

The U.S. Army Construction Engineering Research Laboratory (USA-CERL)
conducted this workshop for its in-house staff to promote effective tech-
nology transfer methods that fulfill the responsibilities set forth in Army
Regulation (AR) 70-57 and the Stevenson-Wydler Act of 1980. Publication of
these proceedings was an initiative of the USA-CERL Commander and Director.

COL N. C. Hintz is Commander and Director of USA-CERL, and Dr. L. R.
Shaffer is Technical Director. Dr. Robert Dinnat, USA-CERL Associate Tech-
nical Director, coordinated the workshop and this publication.
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TECHNOLOGY TRANSFER TRAINING SESSION

FOR THE ENGINEER INSPECTOR GENERAL
by Robert M. Dinnat

Associate Technical Director

I INTRO)U[;r lION

The Engineer Inspector General (EIG) has been tasked to

review the technology transfer operations of the Corps of

Engineers in a systems context. USA-CERL was requested to

provide the EIG with training assistance on the subject of

technology transfer. This presentation does two things: 1)
it describes the systems context in which the EIG intends to

view technology transfer operations within the Corps, and 2)

it describes the systems definitions of technology transfer
which were presented to the EIG during the training session.

-i

2. THE E[G VIEW

The systems context to be used by the ETG is the complete
life-cycle of an R&D product, starting with the
identification of a problem and ending with the utilization
of a solution to the identified problem. This single task

is considered to be decomposable into smaller connected
tasks for which the responsible parties and the items that

flow through the connections are known. Their approach is
to construct the network of existing (and proposed) subtasks .-

and determine how well the existing system works.

As a starting point, the life-cycle at the highest level has
been decomposed into four sequentially connected tasks:
Indentify Problem, Acquire Solution, Distribute Solution,

and Utilize Solution. Similarly, the responsible parties
have been decomposed into six groups: Office of the Chief,
ISACE R&D Review Board, OCE R&D Directorate, Other OCE
Directorates, USACE Laboratories, and All Others. By Z

arranging the tasks and responsible parties into the columns
and rows respectively of a matrix, the cells contain those
subtasks of each major task for which each party is
responsible. Connectivity between parties as well as '

between tasks and subtasks can be shown using this
arrangement. Figs. (1) and (2) show the connectivities
between parties, tasks and subtasks constructed by the ETG
using existing regulations and drafts of proposed

regulations. Fig. (1) shows the connectivities between
parties and subtasks within the task: identify Problem. The
parties are indicated by capital letters and the subtasks by
numbers. Fig. (2) shows the connectivities between parties 0
and subtasks for the remaining three tasks: Acquire -

Solution, Distribute Solution and Utilize Solution. The
meanings of the letters and numbers are given in the
A ppend ix.

A3 can be seen in Fig. (2), the regulations produced very
few subtasks in the cnlls under the last two tasks. The

.- i
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bulk of the technology transfer subtasks should appear in
these cells. That the laboratories are expected to effect
the transfer is clear in this construction. The intent of
the training session was to give the E[G some idea of what
the missing subtasks might be by providing them with
operational definitions of technology transfer in a systems
context.

3. OPERATIONAL DEFINITIONS OF TECHNOLOGY TRANSFER

Continuing the EIG approach of successive decomposition into
connected subtasks, let us start with technology transfer as
a single subtask having an input and an output connector.

As can be seen in Fig. (3), two parties are involved in a k

transfer operation -- the provider of the technology (in our
case a Federal laboratory) and the acquirer of the
technology. The important thing to notice is that the
transfer operation does not affect the technology per se; it
is the possession of the technology that flows through the
connectors.

Technology is possessed in at least three ways: 1) as
knowledge and skills, 2) as products and equipment, and 3)
"s property rights. Each form of possession has its own

.-. transfer operation, as shown in Fig. (4), and each of these
its own suboperations.

Knowledge and skills reside either in people or in those
products within which knowledge and skills are described
(e.g., books, films, videotapes). Thus, the transfer
operation for knowledge and skils has three suboperations:
one that transfers between people; one that transfers
between people and products; and one that transfers between
products and people. These three suboperations are involved
in two transfer paths, a direct one between people and an
indir-ct one from people to product to people. The latter
path allows knowledge and skills to be possessed and
transferred as a product. These two paths are illustrated
in Fig. (5)

V Products and equipment are possessed either as physical
.e , IjP=€-ts or as the knowledge and skills required to produce

such objects. The transfer operation for products and
equipment moves things from one location to another. Their

* legal owrnership is transferred in the transfer operation for
- propfertv rights. Transfer occurs in the transfer operation

for knowledge and skills when possession is of that form.
Also illustrated in Fig. (5) is the transfer operation for

pr)ducts and equipment.

.r()perty rights, like knowledge and ski ls, reside both in

products and in people (or in organizations represented by
people). In this case the products are legal documents

2
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which assign property rights to others. This transfer
operation is analogus to that of knowledge and skills;

simply replace the words "knowledge and skills" with the

words "property rights". Most property rights are

transferred along the people-to-product-to-people path.

4. ORGANIZING FOR TECHNOLOGY TRANSFER

For transfer purposes, a technology is defined as the

knowledge, skills, products, and equipment needed to produce
a specified result. For an acquiring organization, the

A technology transfer objective is accomplished when it is

able to produce the specified result. For the providing
organization, accomplishment of its technology transfer
objective depends upon its mode of operation. In the active
mode, its objective is accomplished when the acquiring
organization's objective is accomplished. In the passive
mode, its objective is accomplished when it has transferred
to the acquirer the knowledge, skills, products, and/or
equipment that it wishes to transfer.

In the passive mode, shown in Fig. (6), the providing
organization needs only a transfer operation. In this mode,
the acquirer initiates the transfer,, usually by requesting
the transfer of a technology described by the providing
organization. When the requested technology is described by
the acquirer, those technologies which reasonably match the
requested knowledge, skills, products and/or equipment are
transferred. When operating in the passive mode, the
providing organization's objective is simply to make its
technology available for transfer. The actual acquirer is
irrelevant.

In the active mode, shown in Fig. (7), the providing
organization takes actions intended to cause a particular
acquirer, or class of acquirers, to initiate a transfer. In

the business world, this operation is called marketing. The
marketing operation and the transfer operation make up the
active mode of technology transfer. When operating in the

*active mode, the providing organization's objective is to
assure that its intended acquirer is capable of utilizing
the transferred technology to produce the specified result.
That the acquirer will benefit from producing this result is
implicit in the objective.

0 The providing organization need not transfer its technology
directly to its intended acquirer. When the transfer occurs
as a sequence of intermediate transfers, called a transfer
path, the transfer is said to be indirect. Since the
knowledge, skills, products and equipment that make up a

technology can be transferred separately, an indirect
transfer can be a network of transfer paths.

3
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The intermediate acquirers are transfer agents who perform
all or some part of the transfer operations including
marketing. Transfer agents may be either internal or
external agents. The agent is an internal one if his
organization and the providing organization belong to the
same parent organization, otherwise he is an external agent.
Shown in Fig. (8) is an example of an active transfer mode
having indirect marketing and training paths each using
internal agents. If these agents' operations were performed
by contract, they would be external agents. Another example
of indirect transfer, this one being in the active mode and
using an external agent, is shown in Fig. (9). This example
is particularly interesting in that the providing
organization is operating only in the passive mode. The ,4

active mode of transfer is completely performed by the
external agent.

Some indirect paths involve transfer agents who produce and
service the technology. In such cases wherein the
Government would be competing with the private sector, the
agents must be external ones. Such agents are commercial

. firms who produce, sell and service technology for the
* purpose of making a profit. The providing organization must

either contract with an agent to perform this function or
convince the agent that he can make sufficient profit from
producing and selling the technology to the public. In
performing the latter activity, the Government, in effect,
behaves as if it were a private firm selling its technology.

Such behavior has been authorized by the Technology Transfer
Acts of 1980 and 1986.

SUMMARY AND CONCLUSIONS

Technology transfer transfers the "possession" of
technology. Technology is possessed and transferred as
knowledge/skills, as products/equipment, and as property
rights. These three transfer tasks make up the transfer
operation. Knowledge/skills are transferred in two ways:
between people and from people to product to people. When
in product form, knowledge/skills can be transferred as a
product. Property rights are transferred in the same way.
Products/equipment are transferred between physical
locations and as knowledge/skills.

Technology transfer occurs in two modes: passive and active.
SThe passive mode contains only the transfer operation. The

aictive mode contains the transfer operation plus a marketing
operation. For the acquirer, the transfer objective is the
9. same In either mode, and that objective is to acquire a
desired capability. For the provider, the transfer
objective differs with the mode. In the passive mode, the

*O objective is transfer itself. In the active mode, the

4
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objective is to give the acquirer a capability the provider
wishes him to have. .10

The active mode of transfer can occur indirectly as a Ii
network of intermediate transfers performed by transfer

agents. An internal agent belongs to the provider's parent
organization; otherwise the agent is external. Choosing
which functions agents should perform and choosing between
internal or external agents are part of structuring an
organization for technology transfer.

The Technology Transfer Acts of 1980 and 1986 provide
government operated laboratories with the opportunity to
have commercial firms pay, or at least not charge, to be
intermediate transfer agents. Negotiating such arrangements
is a completely new role for government operated d
laboratories.

Given this view of technology transfer, there are two
unanticipated subtasks that should appear in the EIG
network. The first is the marketing subtask, which includes
negotiating with the commercial sector, and the second is
the technology making and servicing subtask. The
responsible party for the first subtask could be the
laboratory, an internal agent or an external agent. The
Technology Transfer Act of 1986 says it should be the
laboratory when transferring to the commercial sector. The
responsible party for the second subtask is the commercial
firm(s) making and servicing the technology.
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CONUNICATIONS AND MARKETINC THEORY ON THE DIFFUSION

OF INNOVATIONS--A REVIEW OF THE LITERATURE
by Jeffrey J. Walaszek

Public Affairs Officer

Background

Diffusion is a term used by social scientists to identify the process
through which a new idea or technology is transmitted to individuals and
organizations and ultimately results in its adoption. Within the context
of USA-CERL, diffusion is synonymous with technology transfer.

This paper attempts to identify some of the problems and processes

involved in technology transfer. It also examines what is known about the

effectiveness and role of marketing and communications activities in
support of technology transfer. This paper relies heavily on the work of

.04 Everett Rogers of Stanford University who has conducted extensive research

* on the diffusion of technology. His findings and theories have been
published in his book entitled Diffusion of Innovations (1983). Rogers'

findings on diffusion and the thoughts of other authors have been explained

within the context of the technology transfer activities of USA-CERL.

Technology Transfer: The Marketing/Communications Challenge

Robert J. Betsold of the Federal Highway Administration compares the

technology transfer activities of Federal laboratories to the advertising

campaigns and other marketing effort in private industry. Both the Federal

technology transfer effort and the private sector marketing effort are

intended to encourage the use of a product whether it be toothpaste or some

research product from a Federal laboratory. As Betsold points out, "...new
products and ideas do not sell themselves--they must be brought to the

attention of the consumer" (1982, p. 145).
Federal laboratories need to examine and use those marketing and

communications techniques which will most efficiently inform users of

available technology and assist them in using it.

Obstacles to Technology Transfer
The literature provides a wide offering of reasons for the failure of

efforts to transfer technology to potential users. These problem areas

typically fall into three general areas: ineffective communication, human

• resistance to change, and organizational constraints. Many of these same

obstacles apply to efforts of USA-CERL to transfer its technology to
military and nonmilitary users.

,, Ineffective Communications
Communications activities In support of technology transfer

* activities fall short in getting the word out to potential users and in

13
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* present ing i iformat ion of value to users. A study by the U.S. (eneral
Account ing Office ident if ied that many home bti ilders were not aware of the

results of ililovat ive bui ding technology (GAO, 1992). GAO suggested that
use of these technologies by the home builders would result in reduced home

costs for the consumer.
ktiother obbstacle is that documentation may not he available at a time -

and place that is convenient to the iise IS (She th, 1979). Army personnel
interviewed On technology transfer activities catiioned that even"
information which does reach a potential user may go unnoticed if the user
has no immediate need for the technology. When a problem arises that could P
be resolved by the technology, the potential user may not remember that the
technology exists (Walaszek, 1987).

Another problem is that information on new technologies developed by
research pe rsonnel may be of I i t tIe value to users interested in applying

the t chnology. A committee rasked to invest igate the application of
re, e.arch riidi gs by the American Association of State Highway Officials % {
(AAS1I() reported that researchers do not present their findings in the form
)r lailguagro thac can be immediately translated into practice (ASSHO, 1968). %

This point was restated by Army interviewees who Indicated information on -

technologies directed to users should emphasize the practical applications
Of the technology over the significance of the research (Walaszek, 1987).

The concept of "semantic noise' suggests that organizations have a

La11(VI.-e and set of experiences unique to themselves. These experiences
and !aiigaiage affect their interpretation of research results causing
problems in commtiri ication. Allen states, "Engineers in an organ izat ion are

.ble to communicate hetter with their o)ra;iizational colleagues that with
outsiders because there is a sha red knowledgy oil both ends of the
Lransation ard less chance for misinterpretation" (1979, p.139). .

The AASH() committee also reported that researchers do not fully ..-

understand the needs of practicing engineers and others whose problems are

seldom communicated in terms of research needs. The end result is that the
research community may not be studying the problems which would directly
•1-;[ist the practicing et gineers. This point was also brought up by Army
interviewees who stated that the research effort needs to he closely tied
to the needs of the field in order to develop usable prodticts."

Iuman Resistance to Change

The ii timate goal of technology transfer activities is to produce a
hehavior change. The user will change his work activities to use a new
tv'chology. However, many efforts to implement new ideas andi processes
fLiil not because of good technological planning or leadership, but because
those pronoting change fail to take into consideration the human factor--
th. r,.sistance to change (Yaeger and Raudsepp, 1983).

;oldhar states that information producers must deal with tile fact
that more information creates psychological dissonance and use.rs may react
l'kfen ;ively to it. More information implies additional work, uncertainty,

tiltd the necessity to seek oven mo, information (Goldhar, 1979).
Inf ormation rece ived from Army eng ineers interviewed by Wal aszek
oh11),1 this point. oiterviewees revealed several reasons why

, eiersat Army instal ilat.ions may be less willinJg to try new
,',h11 ogi es: problems in learning to use a new technology, risks involved

14
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in trying something new, and Logi st ical pro) Iems in obtaf i , now

technologies (Walaszek, 1987).
Learning to use a new technology can he a very time consuming

process. The installation engineer is under much pressure to complete a

large number of tasks within a limited time frame. As one interviewee
,.. ,mentioned, why should the engineer take the time to draw up new pavement

design plans for some new approach, when he can take some older plans off
the shelf, make some minor changes, and be done with it.

Army engineers suggested that the reluctance by installation
eie to learn to use new technologies may be due in part to pressures

brought on by the commercial activities process. Many installation
engineers are currently seeing many of their services and people being

replaced by commercial contractors under the Reagan Administration's
emphasis on involving the private sector in Government operations. Time

on learning to use new technologies could be viewed as nonproductive
time b% installation engineers who are under much pressure to justify their

OW1 productivity.

The risk in trying something new may prevent individuals from trying
a new technology which may not have a proven track record. Using a new

.1% technology requires a financial commitment by the instal lation engineer.
[f the technology fails to perform as expected, the installation engineer
will have to account for his decision to use the technology and may have to
seek additional funding to correct the situation.

Another obstacle which prevents Army personnel from using new
technologies is the ability to easily acquire the technology through
exist ing procurement processes. Some technologies are so new that only one
contractor can provide the technology or service for it. Govrnment
procurement regulations are designed to promote fair competition for
Goverment contracts among potential suppliers of a service. Purchasing a

-. -service from a single supplier of that service can be done within existing
*procurement procedures. However, installation engineers may not be aware

of these procedures, nor he willing to undertake the additional paperwork
required.

Organizational C-instraints
Love of the Federal Highway Administration (FHWA) points out that

successful technology transfer is a management process which can be
successful only if the organization makes a commitment to conducting such
activities. This commitment towards technology transfer by the
,rganization must consist of I) the support of top management, 2) adequate
funding, 3) an effective organization supporting transfer activities, and
N.) coope rat ion from al I Ie ements involved both at headquarters and in the
field (Love, 1978).

The literature tuggests that the very effective technology transfer
programs of FWIIA, Natilonal Aronautics and Space Administration (NASA), and
the U.S. Department of Agriculture (USDA) meet the four management criteria
proposed by Love. All four programs are all similar in that technology

transfer has been given a hirh priority by the agency. Technology transfer
is not the responsibility of the research and development laboratory, but
the entire agency which sponsors the researc,,.

15
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'%" Funding has been previded to support the network of regional offices
in the case ,if NASA and FIHWA ;inti the extenision srvice ott-ices of USDA.

The F104A uses this network of of l ices to 1) serve as conmunicalions ilnk

between the sources of research and potential users, and 2) assist in
r- transferring techoology ioto field use. FHWA spends 15 to 2() percent of

. i ts annual research and development admi nist rat i ve cont ract funds on the

% . impLementation of technology (hriftith, 1982). The network of regional
% offices provide the organization through which technology transfer

object ives are met.
Within an organizat[Lon, the search for scientific and technical

itiintervit ion is limited by time, permission requirement, and budgetary

constraints on the user (Rothberg, 1979). A user will take much time to
search through the large voltime of available scientific and technical

[oftrmation. The organization may not have the information resources or
finane i re-sources to allow this search to occur efficiently. Engineers

it Army insta iat ions do not have research and development departments or
ifermi ion :-pecial ists to do this type literature searching.

*"" rhe ir:rpi.'.ation of the Army is not conducive to easy coMimunication
1.,1 a1 entraliized support for technology transfer activities. Decision

_. -. K i i,11 respons i hi I i ty for us i ng new technologies is fragmented among the
or ommands (MACOM's) withiin the Army who have responsibility for

* o i , ocr ing operat ions at i nstal I ations under their control (Walaszek,
S.-., 1981). lThe II.S. Army Corps of Engineers headquarters personnel have no

real oithoritv to impose new procedures and technologies among the
install at inns which belong to the MACOM's. Personnel involved in
installation activities at Corps headquarters serve as important contacts

with the MACOM engineering personnel. However, their efforts to
cOmfmulicate with these individuals is complicated by the number of MACOM's

to communicate with.
Even within the Corps of Engineers organization of Divisions and

Districts, top-level Corps management has not made technology transfer a
high priority. The business of tile day at Corps headquarters is dealing

with the program management of ongoing contruction projects and the
o)erations and maintenance of existing facilities. Those individuals at
Corps headquarters assigned to overseeing research projects are often
ptilled from these activities for higher priority projects (Walaszek, 1987).

The Innovation Development Process

% :<ogers defines a six-step process through which an innovation comes
% i nt,, istaioe and is transferred into the social system. Rogers points

oir that rhe di Ffu-sion phase is just one component of tile innovation-

dov, I . pmt lit process. lHe adds that many of the events leading to the
Stiti uion step will affect the nature of the later diffusion activities.
,. ,,,r s ' si x-s~t e p iniovat iion-development process consists of the following

t 1;',"': I ') hrblem idtd If I ici't ion, 2) research, 3) development, 4)
,in.r, it I i /:tion, 5) otit f(,ins i and adopt ion, and 6) consequences (1983).

W4 tithini tl1e r.sr h porat ion of USA-CERL, tii s same innovation-

l. v,, l,,i ,.wit process has been defined somewhat di fferently by the
Sia hor irtrv's TechIt lea I Director Dr. L. R. Sha f fe r. The Shaffer model
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consistt- (f the fol lowing, five ,teps: I) probIem ldeIt ifi catioi, 2) N

researchl an d d development, 3 f denIoist rat ion, 4) product/system 

authorization, and 5) product/system application. The following

presentat Lon will expl ai n the Army I 1niovat fon-development model and out I i [t

the distinctions between the two approaches.

The major difference between the two models, and this will come out

more clearly in the later paragraphs, is the Shaffer model places more of

an emphasis on the diffusion of the innovation. Rogers' model lumps

diffusion activities into one step in the overall process. Shaffer's model

consists of three diffusion or technology transfer phases--the field demo,

the product authorization, and product application.

Problem Identification Phase

Both innovation-development models begin with a problem

identification. Problems are identified for USA-CERL in a variety of ways.

Personnel at Corps headquarters identify problem areas and provide funding

to U1SA-CERL for research on those problems they have identified through

their contacts with the MACOM's and field personnel. Army committees

tasked to look at specific problem areas also provide input and set

priorities for research activities through personnel at Corps headquarters.
Another major source of research opportunities for USA-CERL are the

MACOM's and engineers at Army installations. Both groups will provide

funding to USA-CERL to conduct research on problems they are facing. ISA-

CERL also identifies and recommends potential research areas to Corps

headquarters.

Research and Development Phase

Under the Shaffer model the research and development occurs in the

second phase of the innovation-development process. Rogers separates the

research and development into two separate phases. Under the Shaffer model

the second phase also includes a pilot test of the developed technology to

ensure it meets the needs of the ultimate user. Findings from the pilot

test will be used to modify the technology before its transfer to the

field. The pilot test is similar to Rogers' concept of clinical trials.

If the technology does not work in the pilot test, this will ultimately

result in a decision not to initiate transfer activities.

The research and development phase ends the research segment of the

innovation-development process. The following three sections represent the

technology transfer segment of the innovation-development process.

Field Demonstration Phase

The field demonstration phase is designed to demonstrate the use and

effectiveness of a technology in a wider and more visible application than

the pilot test. It is the first step in the transfer of the technology.

Unlike the pilot test which is intended to refine and test the application

of the Innovation, a major purpose of the demonstration is to show all

users hlow the innovation can effectively be used to solve a problem.

Another important function of the demonstration is to gain information on.

operational problems faced by users of the technology at demonstration %
sites. Finally, the demonstration of the technology may also reveal

17

% %S

% VN,'15



V addi tmon ia te chnol ogi cal problems which need to he resolved he fore formal
Armywide transfer.

It is at this stage that we see the fi rst maj or departunre ill the two
mode Is depict ing the ininovation-d if fusion process. Rogers identif ies
commercialIizat ion as the niext phase fol lowing the development of thle
techniology. Shaffer leaves commercializatloo considerat ions for later
phases.- Ani examinatin of the role of commercialization inl thle two models
is necessary to uinderstand this discrepancy.

Rogers defines commercialization as the production, manufacturinig,
pac-kaging, marketing, and distribution of a product that embodies anl

innovat ioni. Rogers points out that this packaging of research results- is
typiciiily (lone by private industry. In the Army process this may or not be
thle sitnlationl. Many of thle innovations developed by USA-CERL consist of
niew proceodures, or pract ices which do not necessarily require hardware items
to be na in ifact iired.

IFawevefr , even procedures need to be packaged in the form of training
.,,manuals or mnechianisms for obtaining support to use thle procedure. The lack

')f formal1 support inechan isms for innovat ions is one of the problems facing
the tranisfe!r 4)t iSA-CF.RI, technology ( Shaffer, 1985). USA-CFRL often finds
itself devot ing huia~l resourc-es to provide such support to Army users until
formal support mechanlisms Canl he arranged. 1JSA-CERL is currently providing
-;tsuch support to Corps enginieers at construct ion sites who are using
iniirocomplters (Walaszek, 1987).

There ar.- several arguments which could be used to support placing
* ,inmeitrializationial/supp~ort conisiderations before the field demonstration

phase inl thle Shaffer model. If commercialization/support. considerations
,ire developed prior to aid inicorporated into field demonstrations, the
demonst rat ionis would reflect real life sittiat ions and pave the way for
later tranisfer activities. Conitractors providing support or training
package s for list! b ' the field in using the technology would replace

- *laboratory personnol wootherwise Would provide such support in field
,leonst rt ins.If the demonstLrat ions go well and a deci sion is made to

t roisf- ortho techniology Armywide , thle support mechanism would already be ini

pl ace. ' reasn for having commercial izat ion/support considerat ions%
pnt iii oitt :od aiv.0 iabe prior to demonist rat ions is; that laboratory
por s lnel -trilId atfeckt the onutcome o)f the demons trat ion. Laborato ry
P.'rs;,niie f am1ili ar wi th the techniology may inadvertently assume

* ~ po~~ i I t i eswh i ch othe rwi se won 1 d result i-n ope ratilonal probl ems for
4 Ii, s. rs. \ lypo her ical example of this would be the previously

.. 'led ';itulitiom of the insqt.il lauton engineer's lack of faimiliaritv with
% itractfiii) proceduiires . Perhaps, In a preyious d emons trat ion of

i rehselirIi~r irraniged for the con1tracted service. While the
Id -1olis ration , the demonstrat ion never

* '-v', drh lie 'toiitiiI o 1 )erttim onia problem caused bly an inistallaimio
a''r t ui iw i w i i g i i' to con iit eniid w f tli s i nlgIe - so iir c t c oniitr a ct ing

i Il d tins, ra it i on i us a k ey elIem eniit in t Ch e o ve rall dif fuS ion o f
boo y .The f i o II d dmons trat Ion is thle f irst at tempt to show the

r cc- t i ye lie- ',ite t'chioo igy before Armywide users. A successf[ul
I erin)i i, rut jun wilIl produce luiformat ion onl real life savings from use of the
"I hlo) Iv ), di Call be llse~l to con1Vince others to adopt the techniology.
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Personnel using the technology at the demostration sites can become
valuable spokespersons for the technology during later transfer activities.
As previously mentioned, Army personnel cited peers as the primary source

for obtaining information for decisions on using a new technology. The
role of peers in influencing adoption decisions will he discussed in
greater detail later.

"- Product/System Authorization Phase
Once the technology has reaffirmed its value in the field

demonstration phase, a decision has to be made by someone to begin

transferring the technology to potential users. In the Shaffer model this
occurs at the product authorization phase. Rogers uses the term
1technology gatekeeping" to represent those individuals who have the
authority to decide what technologies should be transferred and when
transfer activities should occur.

In the Army, the technology gatekeepers can be a variety of people or
groups. Personnel at Corps headquarters or the MACOM sponsoring the
research are potential gatekeepers. Another potential gatekeeper is Army
committees, such as the Corps of Engineers Energy Team, which formulate
guidance for applying technologies within a technology area.

Th decision or authorization to use a technology needs to be

transmitted to the field as some form of policy statement. Within the
engineer social system, the responsibility for engineering policy and
guidance typically lies with personnel at Corps headquarters. Corps

headquarters publishes a variety of documents which serve as policy
statements to engineers at installations. These documents include

technical manuals and engineering regulations. One problem with these
types of documents is the long length of time it takes to get them
published (Walaszek, 1987). Technical manuals and engineering regulations
may take years to publish due to the extensive reviews involved in
publishing them.

Some method of providing interim guidance to users needs to be worked
Out. Engineering Technical Letters are one such interim document. Another

potential tool is the technology summaries being considered for use in the
-" Facilities Technology Applications Test Program (Walaszek and Williamson,

April 1986). The technology summaries consist of listing of all pertinent
% information on a technology such as equipment needed, cost of applying it,
V and the savings from its use. The summaries are provided in a newsletter

* format and are intended to assist installation engineers in making
decisions on using the technology.

. The existence of authorization documents alone is insufficient in
ensuring the use of technology by installation personnel. A secondary

- level of authorizatioi to use a technology lies at the MACOM level. The

MACOM needs to provide both encouragement and financial support in some
* cases in order for the technology to be used by installation engineers

(Walaszek--April, 1986 and January, 1986). MACOM engineers need to be
.e. involved in the overall decision to transfer a technology.

Product/System Application Phase
The product/system application phase Is similar to Rogers' diffusion

* and adoption phase. During this phase the technology begins to he used

% % %
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d information or awareness prograin to inuform potent ialI uservs oI th lex ci st iit

of the technology , i ts app] i cat ions, and source-, of support . Aitho r izat i on
dIocumliet-,s shou(Ild be hea v i I v re fe re,,nced ini awa rente ss activities. Ad d it ionalI

.1. ~ "mpoiieit s oft this phase inicIudev t ra iniig act iv ities and f iel1d support.

Comercializat ion and support mechanisms worked out prior to the fifold
demons trat ions are put into pl ace in this phase. The foll Iowing sect ions
will describe some conl.siderat ions which need to be addressed to achieve
succeSs1 duiring this technology trans fer phase.

Consequences, Phase
-e ()litne final dis'c re panc v bet ween the two i nio ea.t ioni-develo-pmnent modelIs

is the add itin by Rogers of a consequences stage. Rogers, do fines this

Stlige isa evil oat ionl of whether the di ffusion of the technology actual ly
solIved thle prob hitc to Whi ich it was intended. This eva ltiaition woul1d also

* at tempt to identHi v i C_ aniy new problems were created by the kise of the
tokchnl Ii. The Shaffe r model does not address this type of post-diffusion

I nnova t ion-Dec isi on Process

The tiit i mite goal of technology trainsfe r is to have individuals adopt
ieI t.chin I)g vI or use. Rovers; points out that an individual is decision toi

adop technol ogV is iiort i is tanltanouts a, but a process; that occurs
over t inc and coniI t s of aI series of actions. Rogers proposes the
to I Iow i t i eC te) model L o describe the iiinovat ion-decision process- 1)

oi2)persIas 1 ion stai?, 3) decision sta 'ge, 4) implementationi
'1i1d 5) conf irmat ion stage (t1983). Commun icat ions activit ies are

Presen':t at every step ini theii i naiva tion-decision process.

-II iiWIk. Iedge St age
At sin, point aI pot e it iA iuser of a tec hnology is exposed to

io Firm i o I! the. j nfovat i ii. Rogers raises a poinut iof cont roversy among
diffis'i oil Sc hola'rs; oil wh i ch comes ft rst -- the need for the techniology or
ifnorn ition oi the technology. Some xple rt s say anl inodividual 1will expose

them; I yes to messages Which are support ive of a pressing need or an
x gavt t ide. Army persoilil Iindi1cated that finformat ion onl ;I new

"Y 17iI . y Ia go uninot iced by person~inelI who are not fac ing aI problem wh ich
* ii, techniology c: li resolve (Walaszek , 1987).

'he other view suggests that informatirion onl the existence of an
i11 v I i In -:II I ea I to al) I odi vi dlli I ilent ifying a need for the technology.

r., ogrs po)int ; ouit thart lie I i tfratiire does not provide a cIoar support for
el 1 I iu pu it" iI. !ft, ads., that differenit si tuiationis may exist for different

t ,c lio og ioes

*RogersL ;ul Sn;( ait Ltefritn r t o de f ine t wo tyvpes 0 f knowl edge wh ich an1
* ~in i vi dI ial uses; to maIke dec ~i 5 1 s onl us ing new technlog ies--how-to

6iow! nIIp. iiid principle,; kniuwli edge. How-to knowledge consists of
ifiorrupt i hiS u;,rv t, tist thli technology properly. Rogers suggests that
t I 1'k (t ihqiu'how-ti knofwle~dge prior to aI trial of an innovation

wil Inst I i 'KeI v resij I t in at ne ' at i've decisioin to utse that technology.
PT I Ilk i 4., k now! d conlsi s t o IF i nformat ionl onl pri nc iples unuderlyiiig how
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-,,.the techniology works. Rogers potints out that it is possible to adopt anl

i iinnovat ion wi thotit pri ici pIe-, kniowlIed go, buit that the d anger of mi susi ng
i {rhe iiiiiovit ioll is greater.

Th is in it ialI i nf orma t io o o a i i iova t ion c a i come f rom al Imos t
ii Ywhe re -- mass med ia c hanle I s , coit tacts, wi thI research pe rsollnelI , o r othle r

initerpersonal ,-oiitacts with peers. Rogers summarizes characteristics of
tI rlv knower-- of a techntology through generalizations from tile research.
At) eariy knower typically has more education, more exposure to mass
COMMUlliv'atioll' chaninels, more exposure to interpersonlal chlannlels of

'OITMUllication, and more exposure to individuals represeniting new a
technologies.

P(er-;Lasiotl Stage
Knowledge of all inntovation does not necessarily result in the lise of

the technology. At the persuiastin stage anl individual forms a favorable or
iinfavorable attitude towards the innovation. The potential adopter
actively seeks oitt additional information oil the attributes of the
i iinovat inn. The individual is interested in obtaining innovation-
evaluation inlformatioi onl the advantages and disadvantages of the
i iniova t i o wi thIini h i -, or he r se t ting. (The specific attributes of
iotiovatiiqs will be discussed later.)

Rogers points out that the important communications behaviors
o,wcurring at this p~haise include where he or she seeks out the information,
whait ;messages lie or she receives, and how this inlformation is interpreted.
Rogers poinits out that peers are a prime source of innovation-evaluation
information. A recent study of Army personnel Supports this point
(Walaszek, 1987). Peers were cited by 54 percent of the respondents as a
major source of informationl on tile effectiveness of new technologies.

., Arti,:les in technical and trade publication received the seco,'! highest
"7, , ,  ratinlg (mentionled by 30 percent) and research staff was ranked as the third

I mo-;t popular source (mentioned by 27 percent).

Rogers point., out that even a favorable attitude towards all
iiiiivation does; not niecessarily lead to adopition. Rogers states that
sYTIetifles adoptioll c,11 he prompted by a cue-to-action. A cue-to-actioll is
;ii ,weiit which c.overts a favorable attitude into a behavioral change--the
adoptioii of tile technology. A corrosioni problem may lead an installation
eiiginF,er to aidopt a athodic protection system. Rogers state's that a cue-
to-a-,tioii respoiise can also be induced through incentive-, to use a

te~m, { .y. he gedo-ral Aviation Administration offered funding support to
Strate Aeronattc Depairtmenits which were interested in implementing USA-
C'R-; Pavemenit Condition Index as part of their pavement maintenance

t~tiv tie (Walas-zek, 1987).

De, i'; iil1 Stag;e

Dkilriig tht- d,,isioo stag {e, potential users either decide to adopt the
techiilogy for use or reje ,t tht( techlology for use. Rogers points out
fthat most individualq wtIl [,rioe the product oil a trtal basis before deciding
r,) i,;e the innovation. This is one mechanism for reducing the uncertainty
0[1 htow well the technlology will work. Rogers states that most individuals%
wh<, try aii innovation will decide to ,,se It, if the technology offers at
Inast ai certain degret of re-lative advantage.
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ri i i tl\'it it ',Iii he prmnot, b fv ti ler i ig ire.'

0 i. 't ir 11vIt [kill. du r Ii ;CrISSs A -; t ldv hv C ol), iitir whil Ittounid

11M I 11,. r t r Ii I')t I neOW W"-l sprav spcorli'd t~r lit itiovat i o ii d(I& Sj mi I),.,

.A .- eii Ft ,,,.i -w, is-ri iiJ t enprirv ic-ces-s to anl ecoilonric anamlys;is,
A1 Iirtr T, r~ I' r w) \'l hv 1'-iA-CFRJ, ti) Army personnel -illowcd peiipl to

41 1.in I i itV 4i th thle svs4t(rTi (Walaszek, 1987).

4r 'rIiiti 5m it~m it r sort tidividual s the trial of aI techniol ogv
I - er I I1ke 11 Ir's'Vk's Canl Subst itute for the ir owil trialI a! all

im- ~.'I t ion 11 '~r. it irt o i,()f a technlolIogy h y a inld iv iduIalI vieowed a.- ail
)p I i d rr 1--- b pot eirrr il I er-; cani he eff ec t ive inl creat inig a tr ialI by

Iw r o ela c. ' i I , Race r, anid Shaniks,, 198 1) Whi le demons t: rat ion lIn may
ii c ~I~ Ii iii :re~AtilhT a trial hy others effect, the results if

tri!i rto r it; reed to he puh] ici zed aird hrought to thle aittenitioni of
i ler I teI iii user (Waklis,,ek , 1987).

Koao.r 1 piniits out there is little research onl behaviors leadilg4 ~I -e o'.t iii , lie di 5ci5 twio types of rejcto prpoe b velaid~-
ic ly r-jectii an-i ri rj e,-t ionii. Active rejec-tioni consists of art

rili:i!m~ 1 -tsdeii-j ri of ,ln inniovaltioni, 1bit results inl a dIecis;ioni noct

id 's e reect ionl occuirs wheni ani inidividuial niever reallIy
1 1 ; r I I I-~ Ii the liv It to il.

~it- i in p emkintat t iot , L ;e thle lid i v idtia I or organ~ i Za t ion1 pots
i 'lI ti))r)II- i i ii tihit p ar mot e ntallIe ta procesI

iort-dec i in proce--s has boen primarilyaietl rcs.

a ) p' r ii -tet aIt ion phs I behavior change actal 1 cus
ers pit ant that the individual --eekinig to implemenlt tire

.1.h-t 'Wi 1:h -akt icel lorrkirtg for iniformation onl obtaiinig, risinig,
ii- *~ Ii o priiii'r-ihr night on by rise of the ii onovat ion. The readyv
ii vi o at ths jiri Irumat:Iii o r s ou rce 0S of as s i st anIIce c an hel Ip rrrlrtrmizo

it ~~ i orrotight onI hy tire at tempt to rise the iinrvat ioit.
A-n t i iip n1 enert an i iirirova t fort1 w ithi i i r ganII i z at io m 1lay, be

'! i t i crl I I oer p ont ut that with ini art organiizatoa etig
i rb, cr oi t 1diviilIIAl.-s are usuallY inivolved iii the inuovatioli-deci s ioi

101 f~,r.i I " .ill it er p rorip is responisiblIe for imp lemenit itig the

I11 1p;v . Tei( idopt l kil of i nuovat loiis wi th in ani orgai zat ioni will be

Is. i-I, V. mire Iet~ij I later.
- insi irritins are implemenited , but niot inl the esact ta ril

Ir. Ii. ie irier -;o4 tiret i itirovat: i r ii. T id iv id uaI s w i Ii 0I~ d o i orr a I l v
;111 1 )t,, rol I meet lical or clraigirg ne oe d s. Roger s sr I I g I, t s that

it ii i m bet :i 1)rrini ive t h inIg resiil t iiig itI i iriovit iorl,. be rtter

ti siti;i t i ai midr eiiririig tire irrovat ios m s'

0 r- pII t II i litn Il~ t irimividial s w ill cout rui ti se'ak i(t

i i r i r i 1 1)r, - htis 'r hetr die c i ii o i m nple ment theteiroig-

-- t I1 i r mm,11ii, aiml irllliiiual inay reverse tlte doci;ii ti) implo-rerrt I-lie

rt-t idilit. iimi if coriFrrolted wi tlh cmiliIfi ict lo iirnf-irrrrnati cm abot

11.-t iFil- two t ylis i)f dl isc(oirt i nrliarrce--j suhiit

* ,-- rI : i--ini iI -k'Oii'it ilicit inri-ice. D1iinhantmenit

22

6

P....................



-%WK*l nX_%*L Ar -7
0 0

40 discontinuance occurs when the user is dissatisfied with its performance.
"10 This could occur when the innovation is inappropriate for the Individual.

Engineers at a small Army Installation with a limited road network may find
the automated pavement maintenance management system an unnecessary expense
when compared to manual methods. Disenchantment can also occur from the
misuse of a innovation which otherwise would have worked well for theV: individual.

A replacement discontinuance is a decision to replace an existing
innovation with a better idea. Computer users are taking their programs
off large, mainframe computers and running them on microcomputers, which
are less costly to operate.

The availability of information and personnel to adequately support

the individual in his or her use of the innovation can prevent

discontinuance. Change agents or personnel supporting the use of the
technology can provide reinforcement to adopters. These individuals can
also head off potential problems or misperceptions in the use of
innovations.

Rate of Adoption and Adopter Characteristics

The ability of researchers to identify the rate of adoption forms the

basis for attempts to classify adopter characteristics. Rogers has
identified five categories of adopters: 1) innovators, 2) early adopters,

-) early majority, 4) late majority, and 5) laggards (1983).
Rogers states innovators make up the first 2.5 percent of the

individuals who adopt an innovation and stand two standard deviations away
from the mean adoption time. Early adopters make up 13.5 percent of the
adopters. The early majority and late majority each consist of 34 percent
of the innovators. The laggards represent 16 percent of the innovators. A

*-- more detailed description of each category type follows. %

Adopter Types

Rogers describes innovators as venturesome. Innovators are very
eager to try new ideas and are comfortable with taking risks. Rogers

." points out that two prerequisites for innovators is control of substantial
financial resources and the ability to understand and apply complex
technical knowledge. Innovators are often looked at as eccentrics within a
social system. The innovator plays an important role in the diffusion
process by launching a new idea into the social system.

Rogers describes early adopters as respectable members of the social
system. He adds that this adopter category contains the greatest degree of
opinion leadership. Early adopters are the ones potential adopters look to
for advice and information. Rogers defines the role of the early adopter

* as to decrease uncertainty about an innovation and convey this information
to near peers through interpersonal contacts.

The early majority adopt an innovation before the majority of

adopters. They are willing to make changes, but deliberate some time
-.- before deciding to adopt the innovation. Rogers points out that the early

majority interact frequently with their peers, but seldom hold leadership
positions.
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Rogers describes the late majority as the skeptics. Their decision
to adopt are often produced by oconomtic necessity and increasing pressure
from peers who have adopted. The 1.ate majority can be persuaded of the
va lue of the innov itiol, but the pressure of peers is neded before the%
decision to adopt is made. Rogers adds that the resources of the late
majority are limited. Consequently, almost all of the uncertainty about an
innovation must be removed before they adopt.

The laggards are the traditionalists in the social system. They also
have the fewest resources available to them for implementing an innovation.
This forces them to be very conservative with using innovations.

Characteristics of Adopter Types
A recent survey asked Army engineers to identify when they would try

a new technology (Walaszek, 1987). The intent of the question was to
determine how much information was needed by respondents before they would

decide to, use a technology. Respondents were asked whether they would try
a Ltchnology after initially reading about it, after evaluating additional

?' . information on the technology, after the technology was in use for some

time and results on its use were available, and after the use of the
technology became mandated by some higher authority in the organization.

The responses somewhat parallel the percentages shown in the above

S iWopter categories. About 8 percent mentioned they would try a technology
4. after initially reading about it. Another 8 percent would wait to use the
. technology after some higher authority made its use a requirement. The
. most commonly cited response was that they would try a technology after
-.% evalu:itling inore information on it (66 percent checked this response) and

would try the technology after it was in use for a while and results were
available (38 percent).

Multiple answers to the question prevent a clear comparison to the
adopter categorles. However, one would think the 8 percent who were
willing to try the technology after reading about it would belong to the
innovator or early adopter categories. The laggards would wait until the
rtchnology was mandated for use. The remaining respondents would fall
within the early and late adopter categories.

Rogers identified several generalizations about the characteristics

. . or early versus late adopters. These generalizations have been explained
n-,uder the heading of socioeconomic status, personality variables, and

• .. " communi cat i ons behavior.
luder the socioeconomic heading, early adopters typically display the

,.. to I IuA ug chracte ristics over the late adopters:
I ) more, scho 1 1 ng, 2) hi ghe r social s tatus , 3) more favorable at tituodes
towards horrowing, 4) manage more specialized operations, and 5) manage
Sar-ge r si ?.d or'a;n izat ions. .

Iruder persnality variahles, differences between early and late

adopters inc-lude the following characteristics for early adopters: 1) less
dogm ,i-tic, 2) greater ability to deal with abstractions, 3) more favorable

attit ide toward change, 4) more able to cope with uncertainty and risk, and
* { S) higher levels of achiovement motivation.

linder commninications variables, difference s between early and late

adopters incloilnh the following characteristics for early adopters: 1) more
hi, ghly ilterconne.ted within the social system, 2) have nore contacts with

.4.,
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people and places outside the social system, 3) greater exposure to mass

media channels, 4) greater exposure to interpersonal communications

.,channels, and 5) more actively seek out information about innovations.

- ... Attributes of Innovations Leading to Adoption

Rogers presents five attributes of innovations which are commonly

used by diffusion researchers to characterize successfully adopted

innovations. By being able to characterize and compare innovations, one

can attempt to predict whether an innovation will be accepted within the
-ocial system. These attributes of innovation which lead to their adoption

4 include, 1) relative advantage, 2) compatibility, 3) complexity, 4)

trialability, and 5) observability (Rogers, 1983).
Relative advantage is an individual's perception of the innovation

being better than the practice it supersedes. The degree of relative
advantage is often expressed in profitability, the amount of status it

provides to the adopter, or other ways.
Army engineers were asked to rate which benefits of a technology

would encourage them to try using it (Walaszek, 1987). The majority of
respondents (69 percent) indicated that claims of reduced labor and cost of
operations would encourage them to use an innovation. Improved efficiency

%4- through timesavings (57 percent) and improved product quality (56 percent)

also received high ratings by respondents.
Rogers states that relative advantage is one of the best predictors

of rate of adoption. He points out that relative advantage indicates the

strength of the reward or punishment from using an innovation.
Incentives are one way to increase the degree of relative advantage

and, consequently, increase the rate of adoption. Rogers' experience with
family planning innovations led him to draw the following conclusions about
the effects of incentives (1983). Incentives increase the rate of adoption

of an innovation. Adopter incentives lead to adoption of an innovation by
individuals different from those who would otherwise adopt. In the case of

family planning innovations, Rogers found incentives worked well in
increasing the rate of adopters among individuals of the lowest

socioeconomic status. Finally, individuals who adopt an innovation as a
result of an incentive may have less motivation to continue the use of the

adopt ion. r

*Rogers defines compatibility as the degree to which an innovation is

perceived as consistent with the existing values, past experiences and
needs of potential adopters. Rogers states that the compatibility of an
innovation, as perceived by members of a social system, is positively
related to it, rate of adoption. ,

Rogers presents the idea of technology clusters as a way of achieving -'

* a sense of compatibility. Technology clusters are an approach to package
an innovation with other related innovations which are either new or have
already been accepted by individuals. Rogers points out that while
technology clusters intuitively make sense, little research has been
conducted on this approach.

%.. Complexity is the degree to which an innovation is perceived as

difficult to understand and use. Rogers suggests that the complexity of an
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innovation, as perceived by members of the sociail system, is negatively
related to its rate of adoption. The more difficult an innovation is to
understand, the less likely it will he used. The implication here is that
there is an increased importance for effective mechanisms for providing

support to users for complicated technologies. Such support may be able to

offset problems faced by the user in learning to use technology.

Trialability is the degree to which an innovation can be experimented
with by users on a limited basis. The practice or experimentation with the

technology removes the uncertainty about how the technology will work for
the user. Rogers contends that the trialability of an innovation is V

positively related to its rate of adoption.
Rogers points out that studies suggest that early adopters place a

higher importance on trialability than later adopters. These individuals 4

lack the availability of peers who they can rely on for information on the

effectiveness of an innovation. Later adopters may be willing to rely on
innovation-evaluation information provided by peers who have used the

technology.
Observability is the degree to which the results of an innovation are

observable or can be communicated to others. Some technologies are easier
to describe to others. Software aspects of a technology may be less
observable than hardware aspects. Rogers suggests that the observability
of an innovation is positively related to its rate of adoption.

The above attributes should be taken into account by communicators or

those promoting adoption in their communications efforts in technology

transfer. Ill developing informational materials on new technologies,

demonstrations of it, or results from tests, communicators need to
emphasize the above attributes of innovations. The relative advantage of
an innovation as shown from a demonstration should be a fundamental
component of all informational materials. Designers of informational

materials and communications activities can also incorporate the concept of N-
trialability into its messages. Articles should carry observations and
quotes presenting the views and observations of users of a technology to
those peers who may later read the material.

Communications Activities in Support of Technology Transfer

A simple definition of communication is the transfer of information
between two individuals or groups. There are four basic components of the

communications process: the source or sender of the message, the message
itself, the receiver of the message, and the channels linking the sender to
the receiver.

Several forces affect the success of the communications process

(Cutlip and Center, 1978). The communicator must have adequate and useful

information of interest to the receiver. The communicator must have

credibility in the eyes of the receiver. The communicator must be able to
convey his or her thoughts into a message that can be understood by the
receiver. The communicator must select a media channel which will convey

the message directly to the desired receiver. The message must be
pertinent and contain information of interest to the receiver. Finally,
the message must motivate the receiver to respond in some way.
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Cutlip and Center point out that a sender can encode ai message and a

receiver decode it only in terms of his or her own experience and
knowledge. This is similar to the concept of "semantic noise" whiCh was
discussed earlier. When there is no common experience or knowledge between
the sender and receiver, communication becomes virtually impossible. The ,
receiver may filter out and fall to attend to messages that are outside his
experiences, values, or knowledge. Cutlip and Center point out that too
many practitioners engage in message sending only and fail to adjust their
message to ensure it is effectively received and interpreted (1978).

Army personnel interviewed on technology transfer pointed out some

shortcomings in attempts by research personnel to transfer information on
innovations to users (Walaszek, 1987). These shortcomings included a

failure by researchers to understand how installation engineers conduct
their business; reports and briefings written in too technical of a
language; and technical reports which contain much information which is
thought to be irrelevant to the installation engineer's daily activities.
Many of these shortcomings can be traced to a lack of understanding of the
factors affecting the communications process.

Mass Media Models

Earlier we identified two types of communications channels used to
exchange information on a new technology--mass media and interpersonal

' channels. Rogers points out that the strength of the mass media channels
lies in their ability to reach a large number of potential users with
information on the technology. Rogers points out that interpersonal

channels are more effective in persuading an individual to adopt a new
idea, especially if interpersonal channels link two near-peers. The
communications channels can originate beyond the social systems called
cosmopolite sources, or they can originate within the social system called
localite sources. The following sections will examine the role of these

communications channels in technology transfer.
* ,' Communications scholars have developed two models which identify how

mass media contribute to the development of public opinion. These models
are the hypodermic needle model and the two-step flow model (Rogers, 1983).

The hypodermic needle model assumes that the mass media have a
direct, vertical effect on creating public opinion. This model assumed
that individuals would listen to and believe what they learned through the

media. Evidence from more sophisticated research studies soon resulted in ?
the two-step flow model. e•

A 1944 study by Lazerfield attempting to determine the effect of the

mass media on the public's decision on who to vote for marked the beginning
of the end for the hypodermic needle theory. This study found that almost
no voting choices were directly influences by the mass media. As Rogers
reports, the findings identified the importance of interpersonal

* relationships and opinion leaders on forming opinions of others.
The two-step flow theory states the mass media serve to bring -

information to the attention of the public, particularly influential
individuals within the social system. Upon learning of the information,
individuals will seek out the opinions of others on the information.

The two-step flow theory appears to apply to diffusion activities
within the Army engineer social system. A survey of Army engineers
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revealed that while most of them currently learn of new technologies
through mass media channels, their preference for receiving information on
new technologies lies with interpersonal channels (Walaszek, 1987). A

similar survey done with Florida home builders identified trade journals as

the most common means of receiving information on new technologies. The
home builders then indicated a preference for receiving this information -R.,

from seminars as well as trade journals (Halperin, 1981).

Role of Communications Channels Within Diffusion

Rogers point out that the mass media can effectively, 1) reach a

* large audience rapidly, 2) create knowledge and spread information, and 3)

lead to changes in weakly held attitudes. Mass media channels are very
important at the awareness stage of the innovation-decision process.

His review of the research has led Rogers to develop generalizations

on the roles of communications channels within diffusion activities. The

first generalization states that the mass media channels are relatively

more important at the knowledge stage and interpersonal channels are

relatively more important at the persuasion stage in the innovative
decision process. This is not to say that either channel could not have an

effect at any point throughout the innovation-decision process.
The second generalization states that mass media channels are

relatively more important than interpersonal channels for earlier adopters
than for later adopters. This is largely due to the limited availability

of accessible peers with knowledge of an innovation. Rogers points out

that early adopters may not be as reliant on the opinions of other in

making innovation-adoption decisions.

Rogers has also proposed two generalizations on the effect of the

source of the channel on innovation-decision making. The third

generalization states cosmopolite channels are relatively more important at

./ '• the knowledge stage, and localite channels are relatively more important at
the persuasion stage. Many innovations may not originate within the social

,-.. system so early adopters would need to be exposed to more cosmopolite

channels. Also, as Rogers indicated earlier, opinion leaders and near-
peers who would influence a innovation-adoption decision would tend to be

,. similar to the adopter and typically be part of the social system.

The final generalization is cosmopolite channels are relatively more

important than localite channels for earlier adopters than for later

adopters. This refers to the existence of information on innovations which
may have been developed outside the social system.

Several mass media channels are available for use in informing Army

% engineers of the existence of new technologies. Army engineers ranked
trade publications (77 percent), technical reports (68 percent), and
newsletters (63 percent) as the three top ways they currently receive
information on new technologies (Walaszek, 1987). The next cluster of ways

Army personnel receive information on innovations were interpersonal
0 channels such as exhibit- at conferences (49 percent), workshops (49

percent), and demonstrations and brieflngs (43 percent).

Of these mass media channels identified by Army personnel, the
new-li-tters had the highest readership ratings among engineer personnel at

* . installations. Walaszek suggested the quick-to-scan, easy-to-read format

of these newsletters may have contributed to their popularity among
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readers. Readers with busy schedules who do ,ot have a lot of time to ii
read, can simply pick and choose what items they would he interested ill~~read ing."'

Interpersonal Communications
Rogers points out interpersonal channels have greater effectiveness P..

in changing or creating ;trongly held attitudes among users. The strength
of face-to-tace commuication is that it provides a two-way exchange of
information which can lead to an individual changing his or her attitude or
behavior to adopt the technology (Rogers, 1983). Interpersonal
communications are very important in the persuasion stage of the

innovation-decision process. e%
Rogers identifies two types of individuals who play major roles in

interpersonal relationships related to the diffusion of technology--change

agents and opinion leaders.
A change agent is defined by Rogers as, "an individual who influences

clients' innovation decisions in a direction deemed desirable by a change
agency" (Rogers, 1983, p. 312). Within the USA-CERL technology transfer

efforts change agents would primarily consist of research personnel or
technology transfer specialists from the laboratory, and could include

personnel at Corps headquarters promoting adoption of a new technology
among engineers within the other major commands or commercial manufacturers
of Corps developed technologies.

Change agents provide a linkage between the change agency and the
potential user. The two-way communications between the change agent and
user is vital to the success of the diffusion of the innovation. Rogers
points out that for the diffusion to be effective, the innovation must be
tied to the needs and problems of the user. This point was emphasized

repeatedly by Army personnel interview by Walaszek (Walaszek, 1987). The %

change agent needs to feed information on the needs of the user to the
change agency to ensure innovations are responsive to such needs.

The change agent serves to assist the client in identifying existing
needs and problems which can be resolved by available technology. Rogers
cites the problem of information overload in which a client can be
overwhelmed by the excessive amount of information oil inovations. Once a -,
need has been identified, the change agent can point out those innovations ',

that are applicable to the problem.
Opinion leaders are those individuals whom people look towards for

i6 formation and advice oil adopting an innovation. Rogers states that
c haue agent success is positively related to the extent that he or she
works thr,)ugh opinion leaders. Opinion leaders typically have much
credibility in the eyes of their followers. Further, opinion leaders who
hav osed an innovation become a source of knowledge on how the innovation I o
works in real life situat ions. Within the USA-CERI technology transfer .1"
activities, opinion loaders could be engineers at installations who have
used a technology or eogineers at the major commands who provide direction
to installation personnel.

Rogers points out that interpersonuel diffusion networks are mostly
homophilous (1983). ttomophilous individuals share a common occupation,
educational background, or socio-economlc status. Army personnel stated .
they would rely most heavily on peers for information used in decisions on
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adopting new technologies. Change agents need to identify who the opinion
leaders are and try to foster the exchange of information between such

, "I individuals and potential users. Meetings of potential users and those

using a technology have been arranged by USA-CERL to promote such an
4exchange of information on microcomputer technology for construction

managers (Walaszek, 1987).
Identifying who the opinion leaders are can be difficult. Rogers has

developed the following generalizations used to describe characteristics of
opinion leaders (1983). These three generalizations describe the
availability and access to information on new technologies by an opinion
leader. These generalizations are summarized as opinion leaders have
greater exposure to mass media, have greater exposure to change agents, and
are more cosmopolite than their followers.

A second generalization states that opinion leaders have greater
social participation than their followers. Interpersonal contacts occur
through formal and informal gatherings. This access to an opinion leader
by others is critical to the exchange of information.

PA third generalization states that opinion leaders have higher socio-

economic status than their followers. Rogers discusses a study of

Brazilian farmers in which the opinion leaders were those having much
* larger farms than others. A perhaps forced comparison within the Army

would be opinion leaders may be found on larger or more prestigious

Installations.
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FACILITY SYSTEMS T-CHNOLOCY TRANSFER
by Robert Porter, Janet Spoonamore,

Moonja Kim, and John Williamson
.4 Facility Systems Division

1. Ceneral Considerations

For technology transter to occur, especially in the arena of research

efforts for application products, a dynamic approach is needed to assure that
the process of change, which is becoming more and more the major part of any
dynamic enterprise such as the Corps of Engineers, proceeds with direction and
with purpose. The very nature ot a protessional organization, such as the
COE, is its need for continuing education to maintain and advance its position
at the forefront of higher technology in!o the "real world" of daily opera-
tions. Accordingly, it is desirable that the developers ot new technology

assume a leadership role in its transfer to and etfective use by its intended
user.

This is especially significant given there is presently a change occur-
ring in the location of institutional knowledge. Previously, institutional
knowledge has been "individual person-based" with cross-fertilization of ideas
limited by logistical and time constraints. With the advent of the technology
for "knowledge-based" institutional resources, such as comprehensive expert

* systems, institutional knowledge becomes universally accessible for anyone
trained in the use of such systems. Specific situations encountered by per-
sonnel in the operational arena can now be handled by appl ication of generic,
universal knowledge collected and integrated from individual "lessi

- learned," making a significant difference in the effectiveness of total opera-
tions. However, the significance of the sharing of these "lessons learned"
has become more and more important as systems capable of coordinating the
information become available. Accordingly, the "information revolution"
requires that personnel be helped in their development of new capabilities to
both contribute to and to extract from the pool of institutional knowledge.

The nature of FS Division research (improved process-oriented decision
making) requires more and more field-related technology transfer that is con-
tributing to the development of improved decision makers along with theimproved decisions. The implications for the research are that it must be not

only more routinely relevant to keeping a dynamic enterprise functional with r
%. its products applicable to the development of the enterprise, but the research

must a'lso contain a conscious early consideration for the eventual training
S requirements for its transfer. T2 of FS Division products must be a part of S

the COE's continuing education process. This early concern for the research
product's transfer will not only provide for immediate field implementation
when the product is complete, but will also probably improve the "quality" of
the research and thus the product itself through a discipline of insisting
upon "real world" relevancy.

Researchers, in most cases, cannot depend upon ettective automatic tech-
nology transfer to occur through a passive presentation of the results of

their efforts. Research technical reports, without active interpretation and
field implementation through effective training programs, will not alone" bridge the knowledge gap between the developer and the. user. .

V2.
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1l. FS Considerations and Current Status

A. Identified Problems

The major users of FS research products are OCE, ACE, COE Districts and
Divisions, MACOM's, DEH offices, Area Engineers, installation Army personnel,
and other various DOD agencies. It is now considered important that CECER-FS
take a more aggressive approach to the T2 of FS Division research products
with all customer groups. A recent study addressed the current condition of
CERL-wide T2 efforts. The following criticisms and problems were identified
by various members of our "customer group":

1. research products encounter T2 difficulties mainly due to being only
marginally relevant to the conditions in the field,

2. incomplete (or premature) research products that have not had ade-
Ile quate testing generate field resistance,

3. technical reports about products are many times "too technical" and %

not "application apparent" (A
2 ), %

* 4. "time sensitive" products need to be introduced in a more timely way
(possibly even sequentially), instead of waiting to research "everything"
first,

" 5. field personnel must be more informed about the total research pro-

gram--not just the individual products as they appear,

6. the field personnel are sometimes so far "behind" they can't try or
resist trying a new way if the risk of the product not working will put them
further behind,

7. the lack of T2 support funding beyond initial research-oriented field b

tests constrains wide distribution of many products,

7'.-' 8. sometimes the "right" field personnel (application users) are not in
a position to get "the word" about a improved product, because the T communi-

cations now used are "stopped" by administrative "disconnections,"

_ -9. research information per se that is sent to the field needs to be

more concise and to the point,

10. the contractors who do projects for the field agencies (especially
DEH offices) are not included nor considered in the research decisions and S.

thus the research products are less applicable.

11. the field agencies have procurement constraints that must be accom-
modated if the research product required "special" procurement actions, such

as sole source on contracts.

r.-.'-._3. PullI of Technology 7

.Th- fdvancing technology readily pulls society forward into using new

.product , . PC, I lc t roni,- sound and video. Similarly, the attitude of
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the Corps of Engineers towards protessional growth has assured their interest
in learning and adopting new technologies. e

To transfer the FS Division research products/systems, efficient and 0
-' effective methods for application of these products must be developed. The

method must address the presentation form to assure that the application of
the technology is readily apparent to the user and not cluttered with unneces-
sary details. Highly complicated, technical information can be simplified by
breaking it up into small, acceptable lesson modules.

.c The researcher should prepare attractive, inviting T2 introductory pack-
ages to communicate the information to the appropriate field personnel assur-
ing that the information is noticed and passed on throughout the field organi-
zation. The researchers should include background information on their
experience and credentials to give more personal information and assure accep-
tance by the future users. Caution must be advised, however, to assure that
the product performance is not overstated in introductory materials, and
limitations and ranges of uses are clearly understood. ,

Researchers should be encouraged to explore new techniques for T2 and $
employ creative, innovative methods in their T 2 activities and thereby stimu-

* lating the creative energies of the product/system users. This can result in
"leveraged T2 ' - maximizing the resources and the energy of the user groups in
bringing their vast resources into the implementation effort willtingly.
Further, use of innovative tools, e.g., PC's, video, electronic mail, etc.,
will assure etficient T2 activities.

C. ConclusionsN

Analysis of the intrinsic nature of the technology transfer of applica-
tion research products and of problems identified by major users of CERL
research indicates that the researcher cannot assume that automatic technology
transfer of his/her research product will occur with the issuance of a tech-
nical report. Instead, the researcher must, near the start of the research,
consider the transfer of the product to its intended user through an effective
training program. Review of the policy provisions for typical development
and/or procurement of training devices such as in AR 71-9, Chapter 8, 15
August 1984, is recommended for the researcher. This policy statement may or
may not be applicable for FS research product T2 training.

The remainder of this report provides information and guidance for A

eN' selection, development, and formatting of training materials.

1l1. Management and Control of Research 'T,

A. Researcher Actions

The researcher should recognize that the T, just as the research, is an
important part ot product development. The researcher needs to control and
manage the product development procss. At the beginning of development of
the product, the researcher spends the major effort in research, but as the

product matures, the researcher will need to focus much more attention to the
technical transfer aspects;. The researche r p lays different roles in various
stages of product development. Whwn thp product is being developed, one must

35

0
%. ...... i%...

: ,.,-.,-.., ..: ..- :....-....., ..... :-.. .. ,.,....... ................. :.................. ,.... ,....



%i

cons lkler the incorporat ion of Lthe T- aspect. ,nt oi the prodiuct. R, t or t o)
..t.-.,igure I, "ResearchTechnology Transfer Interface," showing the relative

b.ilance ot research vs. technology transfer activities during the research/T2

1 fe cycle. The rT2 periods requi re sepa rate plans by the PT for the initia-

""ion, teld test, authorization and application (refer to Figure 2, "-S
2,,). 'he principal investigator roles and activities during each period o

the T- process are shown. The responsibilities/actions for the field admin-
istrator/operators role in the T of the research product are also shown. The
role of FS PI evolves during the T2 process, for example when the product is
ready to be distritutid, tse PI plays toe role of translator, explaining the

relation of the product to the potential user's work. Then, after the product

is distributed, the researcher becomes the teacher of the initial training

until some of the users become capable teachers themselves who can stimulate

and lead more potential users. When there are enough capable users who can

lead the user group, the researcher will play the role of supporter only when
needed. The figure shows the breakout by typi cal product types and user -

types, and the introduction of Support Center assistance during the T2 of

certain research products is also shown.

or a development process to be successful, it is absolutely necessary

to nave a cooperating partnership between the researcher and the user. The

researcher shou'd understand That the interconnectivity of each user is
,mportant tor etticient T2 of the product, recognizing that each user will

Oecome cru tipe- activators of the user group and eventually generate into
se, lf-surtrcient user groups. As the number et users of the product increase,

T needs to be synchronized for many participants; developer, translator,

teacher, and user. The researcher must play the proper role depending on the

level of user (scphisticated vs. novice).
9- .',""9

B. User involvement in T2

'I'S Division product systems are oriented to "change"--doing things a new

way, a different way, a better way. These changes, to be implemented, require

toe user s recognition o the "old way" being unsatisfactory and acceptance of
e cnangeJ lor the ''better. It is the user' s responsibility to changoe and
p roer,,; iow,er the re,;earcher must instill within the user an awareness

. the gd and necessity to change. There are several approaches which may
be employod. ,)rmal authority and/or endorsement concurring wit h the T2

implementation are very important *o give the product a push. Public rela-

ons approaches should also be employed to assure exposure to the concepts
"ai benetits of the product/system and the problems with doing things the old

-way'. 7ne researcher and product/system champions must push the product to the

The pi rrn.r h; p dscribed earl ir in the discussion of T2 control is

4aga i ,c i ,;ra, nh in the spec iic user invozlvement in T2. The user is recog-
niled as a rsp.r hl, partner in the F, process, understanding the importance

ot the pr.)duct benet its and attending to its application.
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2 AUTHORIZATION APPLICATION
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% IV. Training as T

' A. General Consideration -

Given the timely nature of today's information age technology, the %

.moving target" of operational technology transfer is particularly difficult

using previously accepted modes of T2 : technical reports, guide specifica-
tions, and regulations. Training, as technology transfer, is the only effec-
tive mode to assure currency and relevancy in the application of these types

of product/system, especially those of FS Division. For the researcher to

accomplish training, the researcher must have a "tool box" of training mech-

anisms which become the basis for evolutionary change. These include the
devices of training; e.g., books or instructional manuals, computer-assisted

instruction, and teaching (classroom style). The training must be staged in a
manageable process involving the user as a partner in the T2 process.

B. Training Devices

in training, as a mode of T2 , several methods or modes are available to
the researcher for incorporating instruction into the T2 activities. The

researcher may select:

* book (instructional manual or documents) %
* computer (computer-assisted instruction) %

*teacher (teacher/student instruction).

Instructional manuals or books differ from research technical reports in
that technical reports document the research findings for the research commun-
ity and the training manual translate the findings into "how to" apply the

product. %

These media may be combined to offer the appropriate instruction for the

product application. '-

Characteristics of each mode are important to the specific instructional

needs of the students. For example, the book approach is applicable to the
widest group of students. Computer equipment, available as part of the

product system, is potentially useful in computer-aided instruction of the

product. The teacher-student approach offers specific interaction not avail-

. able in -he other two approaches. Practical consideration for the choices of

training modes is given in the following sections.

C. Training Considerations

When considering the development of training packages, the researcher
S should keep in mind the tollowing factors:

1. Technology transfer training "closes the loop" of the research and

development cycle and thereby maintains contact between the user, procurement
5, and developer of new technoLogy.
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2. T 2 training should generate the motivating factors which will "turn

on" the student to use the research product and thereby realize its fullest

possibilities.
2 _

3. T training should concentrate on decision knowledge (that which

makes a difference, is relevant and acceptable) and thereby assure continuing

stimulation and staying power throughout the training process.

4. T training should incorporate management overviews which convince

senior management of the need for the research product and demonstrate clearly

how the need is satisfied.

5. T training should address "real life" situations that are directly

applicable. It should clearly define its objectives and then maintain a
logical consistency to that end.

6. T2 training should demonstrate and effect a smooth transition from
old methods to new methods (transformation vs. discardation), thereby promot-
ing a "yearning" within the student to become up-to-date.

D. Training Attributes

An effective training program must exhibit certain characteristics which
promote the learning process. The training program should:

1. assure distribution method/media is chosen so that training is inter-

active, personalized, convenient, flexible (based on need for depth), and
gives feedback on results.

2. contain a scheduled sequence of "bite-sized" chunks

3. allow for individual differences in student experience and knowledge

4. contain creative and imaginative presentations

5. contain challenging participatory exercises which build upon the

expertise of the students

6. maintain a focus/concentration on critical issues

7. foster participant enthusiasm (peer group cooperation, competition)

8. maiirain a palatable, comfortable, non-threatening atmosphere

9. provide methods and preparation for progressive field transfer
(student to become teacher)

10. include a methodology for evaluating the training program's effec-

. tiveness

F. Training Devolopment

Whn sel ecting an appr,'pria,, t raining, mode for technology transfer, the
resar hor must consider rot h the type ot audi ence and type of product. The411%:i: .. ... 0
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following discussions and illustrations are intended to define the typical I
audience and product types encountered by FS researchers and to present sug-

gestions for the development of appropriate training.

1. Personnel/Organization Considerations

a. Corps of Engineers District/Division Personnel - Recognizing that

the training environment at District/Division Offices is largely that of long-
term permanent, professional (CS 9-12) personnel whose use of a research

product is of a continuous nature, the following diagram illustrates the

characteristics which reflect these conditions:

1. Initially intensive training, oriented to the product itself.
2. Training requires sophisticated, operational skills,
probably used daily by the user.

CERL 12 training device- '..........

o o "internal" operational training, or

Support Center training device. %

level of CERL effort

4 4 - authorization period .4- application period - ----. "

b. Installation/Army Personnel - Recognizing that the training

enironment at Army installations is largely that of short-term, rotating Army

personnel or Civilian CS and WC 3-9 personnel whose use of a research product

is intermittent or cyclic within the context of daily operations, the follow-

ing diagram illustrates the characteristics which reflect these conditions:

*%

1. Training device must be always available, probably
"built-in" to the product itself.
2. Training is oriented to the task the user is responsible
for, probably done intermittently.CERL 12 training device i

- evel of CERL effort

%.

1 4--- authorization period 4 - application period - -.. --
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2. Product Type Considerations

The following descriptions and accompanying illustrations of FS research
products that require technology transfer training are included as a point of
reference for the detailed analysis of the appropriate training mode configur-

ations which occur later in this paper.

-4'- Process Management products (1391 processor, CAMS, ARMS, for example)

assist in the integration of input information or review responses in order to
allow multi-users organizations to keep track of their particular input and
the completeness of the total effort. .1

.4

_.

0 000000000
4...

. ... Assists multiple user organizations by organizing their individual input

Decision-Making products (AEDSS, DEH DSS, D/DDSS, ACCESS, CAEADS, for
'- '-' 'example) assist in making faster and better decisions about documents, usually

."- parts of the Mcicw facility delivery process by "collecting" all relevant data
. . in a timely way and arranging it in a "clarifying" format.

. ... ........

.-

,%',. Assists an individual user in focusing extensive input that must be complete, prioritized, and current for decision making.ii
43
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Facility Design products (Facility Information, Expert System (Al),
Office Workstations, for example) assist in designing MG/CW facility projects
(both new construction and retrofits) by presenting generic design guidance

4 information for prototype modules (and some total buildings) of various build-

ing types.

Generic Generic
Info. (Generic Info.

A Infnfo.
.. .. ....

GGeneric
Generi Geei ricI~iI

Info Inn

Info

Assists an individual participant in synthesizing extensive amounts of diverse, generic information for the "design act."

Problem Solving products (FRG processor (PDB), Facility Information, for

example) assist in solving facility development problems by presenting generic %.

information and processes that can be used for developing functional input on

various specific MC/CW and OMA projects (mainly assistance for military per-

sonneOI.

GnrcGeneric Generic Generic

Info, Info. Info. Info.
A B CE

Generic
Info.

C

Assists multiple participants in applying focused pre-collected, complete, generic information to their specific problem.

0 44
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Productivity Skill Enhancement products (specific assistance to the user

*in increasing his productivity on-the-job). These tools include office auto-

mation capabilities: electronic mail, word processing, spread sheet, etc.

Productivity skill enhancements can be included as a part of the other pro-

duct/system types: DDS, Process Management, etc. These enhancements can

* result as a side-benefit of other product/system types. Other skill enhance-

ments include skills in developing input information, skills in using back-

ground information design, and also working group skills.

9Word Processing

Computer Literacy

* Electronic Mail

Spread Sheet Database Management

Individual participant improvements:

* faster communications
" increased output
" time savings

V. Specific Training Elements by Product Type

Investigations into the methods for use of the three most common training

devices (books,"manuals, computer, teacher/student) has shown some significant

difterences in applying thpso devices for technology transfer training depend-

ing on whether the rosearch product is either a process management, decision-

* making, design, or problem-solving type product.

The following sections present recommendations for training materials

development (both in terms of the substance of the training as well as the
format) sorted by research product/training device type.

%'
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A. PROCESS MANAGEMENT PRODUCTS

BOOK (for process management products)

Steps to be considered (Substantive)

1. Use a comparison of "old" process to the new process showing where the new

process actually manages better.

2. Present lesson sequences that include the necessary information about the

old" way that lead to an awareness by the user that the new way is better. 5

(The timing of convincing the student is critical to his accepting the

change.) V

*w5 5'.

3. The completeness and uniform consistency of the data entered into the 5'

process should be shown in the training examples, as well as the imbalance

which results from incomplete, spotty data.

4. Use simulation exercises which are sensitive to the student's learning 5,

level and role the student plays; e.g., cost estimate in 1391 vs. environment-

al impact implications. Structure the training lessons so that the student

* understands the interdependency of the multi-person input.

5% " " 5 . M a i n t a i n a c e n t r a l f o c u s p e r s p e c t i v e o n t h e p r o d u c t i n t h e m o d u l e s s u c h

that the diverse details do not obscure the purpose of the training (improved

process management). These can be done both by graphics and periodic summary

statements.

6. Develop exercises that are part of the current workload, assuring effi-

ciency of the training process with short-term payoffs.

7. Consider the residual benefit of the users group network potential that

c in occur beyond the benefits of the process management product per se, and

encourage that networking as part of training manual.

8. In developing T
2 Lessons, consider emphasizing the mutual support of users

,., , f r o m w h i c h t h e p r o c e s s w i l l n o w b e n e f i t t h a t p r o b a b l y w a s n o t p a r t o f t h e

"old" way.

* 9. Consider including a POC reference to CERL for possible continuing support

to the product users.

22

" .' 10 . Have T tra in ing lessons recogn ize the product 's "lim itation potentia l"

as well as its potential potential (P2); i.e., other applications.

II. Integrate the requirement for and the confidence in the product in the T2

text, so that the "student" (user) of the T2 becomes a believer in the product

as well as a user of the product. (The user truly feels that they "can't do

without" the product.)

12. F-rablish T2 mechanisms for "launching" of the product--to gain initial

. b road ex po si re and concen t ra ted focus . A/ll studen ts shou ld have the proper

- q u i pm e n t, etc . T h e r e s h o u ld b e a h ig h e r a u t h o r i t y " r e le a s e " o f t h e p r o d u c t

.._i (hroakinj? 
(he hottle over the how)..'

e." • 
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Steps to be considered (Formatting): %

i. Translate arbitrary listings of data into "managed" categories through
outlines, diagrams, tables, etc., through an example diagram.

2. Include calendar of events that is reproducible. Blank forms as well as
filled-out examples are useful, so the students can apply this to their own
sequence of rigorously developed input information.

% 3. Training modules should be organized to present small "chunks" for each

participant e.g., 1391 has a DER user part, MACOM part, District part, etc.
Each module internally complete.

4. Format the user's manual so that text/examples occur on facing pages.

5 The ruggedness of user's manuals is important for maintaining the sequences
and facing pages. Use multiple ring loose-leaf binders that stay open and use
heavy duty paper with card-stock dividers.

6. Use color and graphics to add interest and to differentiate modules and to
* identify repeating elements within several modules (Both ink and paper color.)

7. Highlight critical operational steps for easy reference by using reference
cards, boldface type, boxing, tabs.

8. Training materials need to focus on each student-type's "need-to-know."
especially if materials get too voluminous--a manual should be limited to 50-
80 pages or so. Don't confuse the students with extraneous material.

9. Maintain a consistent parallel referenIcing between the components of the
T modes, i.e., a manual that has an accompanying PC disk for data exercises.

COMPUTER (for process management products)

4 Steps to be considered (Substantive):

. Use a CAI tutorial comparison ot "old" process to new process showing
where the new process manages better.

2. Use a dynamic sequence of animated diagrams showing that the growth of
usaee is critical to the management potential of the product type (a manage-
"en critical mass is achieved when 80-90% are using system).

3. Use the available PC-based tools to bridge the user-unfriendliness of

process management" products, e.g., WordPerfect to develop 1391 text unload-
ing to host computer.

. 4. Use simulation exercises on the computer which are sensitive to the
student's learning level and role the student plays.

* 5. Use computer graphics diagrams to illustrate the interdependency of the
multi-p rson input.

47 J
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6. Maintain a central focus perspective on the product in the modules such

-4., that the diverse details do not obscure the purpose of the training (improved

process management). This can be done both by graphics and periodic summary
statements.

7. Develop training exercises that are part of current workload, assuring

efficiency of the training process with short-term payoff. %

8. Establish electronic mail, electronic bulletin board as part of the net-
work (established by process management product) to form user group networks
in administrative and technical areas.

9. In developing T lessons, consider emphasizing the mutual support of users
from which the product will now benefit that probably was not a part of the
"old" way.

10. Consider including a POC reference to CERL for possible continuing

support to the product users.

11. Have T2 training lessons recosnize the products "limitation potential" as
well as its potential potential (P ), i.e., other applications.

12. Integrate the requirement for and confidence in the product in the T2

lessons, so that the "student" (user) of the T2 becomes a believer in the
product as well as a user of the product. (The user truly feels that they
"can't do without" the product.)

13. Establish T2 mechanisms for "launching" of the product--to gain initial
broad exposure and concentrated focus. All students should have the proper
equipment. There should be higher authority "release" of the product (break

bottle over bow).

S.01 Steps to be considered (Formatting):

1. Translate data into graphs, pie-charts, tables, diagrams to enhance under-
standing the managing process.

2. Training modules should be organized to present small "chunks" for each

participant; e.g., 1391 has a DEH part, MACOM part, District part, etc. Each

* modile internally complete.

3. For those "busy" people, provide more flexibility in the lengths of train-

ing sessions, so trainee can start/stop easily and fragment the training into

chunks.

* 4. Critical commands (most important) should be easily referenced and help

*-' .* provided by including reterence cards,, boldface type, flashing, key

templates, etc.

5. Milntain a consistent parallel referencing between the components of the

T modes--the computer lesrns and the training manual and the product's

* writ- ten t ,xt , it any.
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TEACHER (for process management products)

Steps to be considered (Substantive):

1. Teacher should include good use of anecdotes for "failure" analysis; e.g.,

past experiences of "disasters." Point out how the new methods obviate these

pitfalls.

2. Teacher should incorporate proven pedagogical techniques (emphasis,

repetition, asking questions) rather than only demonstrating the product.

3. Teacher should exude and thus transmit to the students the requirement for

and confidence in the product, so that the users become believers in the

product as well as users of the product. (The user truly feels that they

can't do without" the product).

Steps to be considered (Formatting):

1. Teacher should transform listings of data to meet the specific needs of

students in a more flexible way, based on the teacher's exper.ence (the use of

real world anecdotal information in both convincing and instructing students).

PRODUCTIVITY SKILL ENHANCEMENT: Develop skills to rigorously generate input

information. Because of the high visibility of this users' input, the user

will be careful to provide complete and accurate information.

B. DECISION MAKING PRODUCTS

BOOK (for decision making products)

Steps to be considered (Substantive):

I. Show how the product integrates the necessary incoming information through

a prioritized sorting process to constructively array the decision making
factors conducive to making a decision.

2. Present lesson sequences that include the necessary information about the

"old" way that lead to an awareness by the user that the new way is better.

(The timing ot convincing the student is critical to his accepting the

change.)

3. Show that the data contained in the prioritized array is valid for
decision making and that the product gives a warning ot imbalanced or
incomplete data.

4. Use simulation exercises which are sensitive to the student's learning

I, I and rol, the student plays

5. Miin;iin a central focus perspt'crive on the product in th,, modulo s such

'hat he div,,rse details do not obscure the purpose of tile rrlning (improved

49
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decision making). This can he done both by graphics and periodic summary
statements.

6. Develop exercises that are part of current workload, assuring efficiency S
of the training process with short-term payoffs.

7. Encourage the formation of user groups (e.g., Area Engineer or DEH).

8. In developing T- lessons, consider emphasizing the mutual support of users
from which the product will benefit from field generated improvements.

9. Consider including a POC reference to CERL for possible continuing support "

to the product users.

210. Have T training lessons recolnize the products "limitation potential" as
well as its potential potential (P ); i.e., other applications.

!I. Integrate the endorsement of and confidence in the product in the T2

text, so that the "student" (user) of the T2 becomes a believer in the product
as well as a user of the product. (The user truly feels that they "can't do
without" the product.)

12. Establish T 2 mechanisms for "launching" of the product--gain initial
broad exposure and concentrated focus. All students should have the proper
equipment. There should be a higher authority "release" of the product
(breaking the bottle over the bow).

13. Demonstrate how decision making uses statistically valid samples of

desirable arrays of the critical information. Show that it is unnecessary to
have all data available to make decisions, pointing out where increased
accuracy, etc. is unnecessary. (Highlight the importance of the critical
i nt o rr.r ion and that delaying docision making is warranted if it is missing.)

i4. Select the most comm,)nly encountered decision-type examples for illus-
tration since the e'nt ire rangre of type of decision possibilities is extensive.

Steps to ne considered (F,)rmattng,):

L O. 7raini n,, modul I ,s shou: d be organi:-ed to l)resent siall "chunks for each

* rt.r i Cipant.; e.., sihmi ttal r gister and modification status modules in •
A)SS ) (Each modulIe internally complete.)

r2. rmat the usor s mannial ;o hat text /examples occur on facing pages. %

h. Fie ragg,,dne ss of user' s manuals is important tor maintainin the
j 7i 1 ances and ricing pages. Use multiple ring loose-leaf binders that stay -

open and hcivy duLy paper

4. Ue color and graphics Lo add interest and to differentiate modules and to
-dnt 'it repe;t ing, elements within several modules (both ink and paper color).

H . ,hl ,,ht crit ial opr-itional steps for easy reference by using reference

50
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6. Training materials need to focus on each student-type's "need-to-know,"
especially if materials get too voluminous--a manual should be limited to 50-
80 pages or so. Don't confuse the students with extraneous material.

. .7. Maintain a consistent parallel referencing between the components of the

T2 modes, i.e., if a manual has an accompanying PC disk for data exercises.,,,~ ".

8. Format training manual so that modifications generated from within or
imposed from outside can be incorporated easily.

COMPUTER (for decision making products)

Steps to be considered (Substantive):

1. Use a CAI tutorial comparisin of "old" ways to the new way showing where
the new way promotes faster and better decision making.

2. Use simulation exercises on the computer which are sensitive to the
student's learning level and role the student plays

3. Develop training exercises that are part of current workload, assuring

* efficiency of the training process with short-term payoff.

4. Encourage the formation of user groups (e.g., Area Engineer or DEH).

5. In developing T2 lessons, consider emphasizing the mutual support of users
from which the process will now benefit that probably was not part of the
old" way.

6. Consider including a POC reference to CERL for possible continuing support

to he product users.

7. Have T2 training tessons recognize the products "limitation potential" as

,ell as its potential potential (P ), i.e., other applications.

" 8. Integra,, the endorsement of and confidence in the product in the T2 text,
o Lhat tho " udenr" (user) of the T becamos a believer in the product as

I a,;a isr o tri producr. (The user t rulv teels that they "can't do

"tth t 'he r,)duc' . )

F . stabiI;h T2 mechanism I or "launching" the product--gain initial broad
exposure and concent rated f ocus . All 'student s Should have the proper equip-

ment . There should he a higher aut hority "release" of the product (breaking
the bott ,- over the how).

1 10. Demonstrate how decision making uses statistically valid samples of

desirable arrays of the critical information. Show that it is unnecessary to

have all data available to make decisions, pointing out where increased
accuracy, etc. is unnecessary. (Highlight the importance ot the critical
information and that delaying decision making is warranted if it is missing.)
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11. Select the most commonly encountered decision-type examples for

illustration since the entire range of type of decision possibilities is I
extensive.

Steps to be considered (Formatting)

1. Translate data into graphs, piecharts, tables, diagrams for decision

making.

2. Training modules should be organized to present small "chunks" for each

participant; e.g., submittal register and modification status modules in

AEDSS. (Each module internally complete)

3. Use computer color and graphics to add interest and to differentiate

modules and identify repeating elements within several modules.

4. For those "busy" people, provide more flexibility in the lengths of

training sessions, so trainee can start/stop easily and fragment the training

into chunks.

5. Critical commands (most important) shouLd be easily referenced and help

* provided by including reference cards, boldface type, flashing, key templates,

etc.

6. Maintain a consistent parallel referencing between the components of the

T2 modes, i.e., it a manual has an accompanying PC disk.

7. Develop CAI such that lesson modules can be modified separately when

modifications are warranted from within or imposed from outside.

TEACHER (for decision making products)

Steps to be considered (Substantive):

1. Teacher should transform listings of data to meet the specific needs of

students in a more flexible way, based on the teacher's experience (the use of

real world anecdotal information in both convincing and instructing students).

2. Teacher should include good use of anecdotes for "failure" analysis; e.g.,

past experiences of "disasters." Point out how the new methods obviate these

pitfalls.

3. Teacher should incorporate proven pedagogical techniques (emphasis,

repetition, asking questions) rather than only demonstrating the product.

* 4. Teacher should exude and Thus transmit to the students the endorsement of

and confidence in the product, so that the users become believers in the

product as well as users of the product. (The user truly feels that they

can't do without" the product.)

PRODUCTIVITY SKILL ENHANCEMENT: Develop skills for using PC-level computers
0 and additional skills to incorporate necessary commercially available software

that int,,rtacos with the product.
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C . FACILITY DESIGN PRODUCTS

%J BOOK (for facility design products)

Steps to be considered (Substantive):

1. To demonstrate the credibility of the product, show how the product

assists in synthesizing available generic information developed by integrating

input from several current operators with many years of experience in similar

operating spaces.

2. Use a comparison between the existing facility layout and the improved

facility layout that shows the use of the generic information for specific

applications (real world case study comparison).

3. The completeness and uniform consistency of the data entered into the
facility information should be shown in the training examples; as well as the

imbalance which results from incomplete, spotty data.

4. Use simulation exercises which are sensitive to the student's learning
:ik level and role the student plays.

5. Maintain a central focus perspective on the product in the modules such

-. that the diverse details do not obscure the purpose of the training (improved

facility design). This can be done both by graphics and periodic summary*. -

statements.

6. Develop exercises that are part of current workload, assuring efficiency

of the training process with short-term payoffs.

7. Encourage the formation of user groups (e.g., district and MACOM facility

design review groups).

8. In developing T2 lessons' consider emphasizing the mutual support of users

from which the product will benefit from field generated improvements.

9. Consider including a POC reference to CERL for possible continuing support

to the product users.

* 210. Have T training lessons recognize the products "limitation potential" as

well as its potential potential (P ) i.e., other applications. -5

l1. Integrate endorsement of and confidence in the product in the T text, so

that the "student" (user) of the T2 becomes a believer in the product as well

as a user of the product. (The user truly feels that they "can't do without"

the product.)

12. Establish T2 mechanisms for "launching" the product--to gain initial

broad exposure and concentrated focus. All students should have the proper

equi pment. There should be a higher authority "release" of the product

(breaking the bottle over the bow).
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13. Select the most commonly encountered facility design type examples for

illustration since the entire range of type of facility design possibilitiesU is extensive.

14. Demonstrate that project-specific design solutions can be found within

the extensive scope of generic design information.

15. Demonstrate through a case study that the evolving history of a mission-

responsive facility can be accommodated by an equally evolving facility

design.

Steps to be considered (Formatting):

1. Training modules should be organized to present small "chunks" for each -

participant; e.g., case study examples should be focused on a limited aspect

of either mission-responsiveness or quality-of-life.

.- 2. Format the user's manual so that text/examples occur on facing pages.

3. The ruggedness of user's manuals is important for maintaining the

sequences and facing pages. Use multiple ring loose-leaf binders that stay

* open and heavy duty paper.

4. Use color and graphics to add interest and to differentiate modules and to

identify repeating elements with several modules (both ink and paper color).

29. 5. Highlight critical operational steps for easy reference by using reference

cards. boldface type, boxing, tabs.

6. Training materials need to focus on each student-type's "need-to-know,"

especially if materials get too voluminous--a manual should be limited to 50-

80 pages or so. Don't confuse the students with extraneous material.

7. Maintain a consistent parallel referencing between the components of the-) 4

T2 modes; i.e., if a manual has an accompanying PC disk for data exercises.

S-8. Format training manual so that modifications generated from within or

.% ,imposed from outside can be incorporated easily.

* COMPUTER (for facility design products)

Steps to be considered (Substantive):

1. Use CAl tutorial comparison of old criteria information to new generic

information emphasizing that the new includes prototype design guidance.

2. Use simulation exercises on the computer which are sensitive to the

student's learning level and role the student plays.

3. Use computer graphic diagrams to illustrate the interdependency ot the

muiti-domain generic information for the synthesizing design process.

t hat 'ho 1iverse details do not obscure the purpose ot the training (improved
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facility design). This can be done both by graphics and periodic summary

1W.P statements.

5. Develop training exercises that are part of current MCA emphasis on

facility type. assuring efficiency of the training process with short-term

payoff.

6. Establish electronic mail, electronic bulletin board as part of the user

network (established by process management product) to form user group

networks in administrative and technical areas

7. In developing T2 lessons, consider emphasizing the mutual support of users

W" from which the product will now benefit that probably was not a part of the

'old" way.

8. Consider including a POC reference to CERL for possible continuing support

to the product users.

2
a.- 9. Have T training lessons recognize the products "limitation potential" as

well as its potential potential (P2 ); i.e., other applications.

1 10. Integrate the endorsement of and confidence in the product in the T2

lessons, so that the "student" (user) of the T2 becomes a believer in the

product as well as a user of the product. (The user truly feels that they

"can't do without" the product.)

11. Establish T 2 mechanisms for "launching" the product--gain initial broad

exposure and concentrated focus. All students should have the proper equip-
ment. There should be a higher authority "release" of the product (break

bottle over bow).

12. Select the most commonly encountered facility design type examples for
illustration since the entire range of type of facility design possibilities

is extensive.

13. Demonstrate that project-specific design solutions can be found within

the extensive scope of generic design information.

14. Demonstrate through a case study that the evolving history of a mission-

responsive facility can be accommodated by an equally evolving facility

design.

Steps to he considered (Formatting):

1. Training modules should be organized to present small "chunks" for each

participant; e.g., case study examples should be focused on a limited aspect
of either mission-responsiveness or quality of life.

2. Critical commands (most important) should be easily referenced and help

provided, by including reference cards, boldface type, flashing. key
T omp~iats, etc.
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4q 3. Maintain a consistent parallel referencing between the components of the

T 2 modes--the computer lessons and the training manual and the product's

written text (if any).

. 4. Develop CAI such that Lesson modules can be modified separately when modi-

fications are warranted from within or imposed from outside.

. TEACHER (for facility design products)

Steps to be considered (Substantive):

1. Teacher should present space and system information in a flexible way

related to the specific diverse needs of students, based on teacher's experi-

ence.

2. Teacher should incorporate proven pedagogical techniques (emphasis,

repetition, asking questions) rather than only demonstrating the product.

3. Teacher should exude and thus transmit to the students the endorsement of

and confidence in the product, so that they become believers in the product as %

well as users of the product. (The user truly feels that they "can't do

* without" the product.)

-..N PRODUCTIVITY SKILL ENHANCEMENT: Develop skills to perform design synthesis by

using extensive generic information.
,U.

D. PROBLEM SOLVING PRODUCTS T2

BOOK (for problem solving products)

. Steps to be considered (substantive):

1. Show how the product assists in solving specific problems by extracting

-. input from several current operators with many years of experience in similar

operating spaces or operational environments to demonstrate the credibility of

* the product.

2. Use a comparison between the existing facility information and the

improved functional requirements that shows the use of the generic information

for specific applications (real world case study comparison).

3 3. include calendar of events that is reproducible (blank forms as well as

tilled-out examples) so the students can apply this to their own sequence of

rigorously developed input information.

4 . Fh,- completeness and onitorm consistency of the data entered into the

ic' 1, ri v information should be shown in the training examples as well as the
imo-alance which results from incomplete, spotty data.
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5. Use simulation exercises which are sensitive to the student's learning
level and role the student plays; e.g., the various spaces involved in the
functional requirements generation process structure. Structure training
lessons so that student understands the interdependency of the multi-person

input.

- 6. Maintain a central focus perspective on the product in the modules such

that the diverse details do not obscure the purpose of the training (improved
problem solving). This can be done both by graphics and periodic summary
statements.

7. Develop exercises that are part of current workload, assuring efficiency 10"

of the training process with short-term payoffs.

8. Highlight critical operational steps for easy reference by using reference
cards, boldface type, boxing, tabs.

9. Training materials need to focus on each student-type's "need-to-know,"

especially if materials get too voluminous--a manual should be limited to 50-
80 pages or so. Don't confuse the students with extraneous material.

1 10. In developing T2 lessons, consider emphasizing the mutual support of
*". users from which the process will now benefit that probably was not part of P

the "old" way.,a

.II Consider including a POC reference to CERL for possible continuing
support to the product users.

12. Integrate the endorsement of and confidence in the product in the T
text, so that the "student" (user) of the T2 becomes a believer in the product
as well as a user of the product. (The user truly feels that they "can't do
without" the product.)

13. Select the most commonly encountered functional requirement examples for
illustration since the entire range of type of functional requirement possi-

bilities is extensive.

14. Dernonstrate that the project-specific functional requirements solutions
can be found within the extensive scope of generic functional requirements

informait on.

15. Demonstrate through a case study how the evolving mission-responsive

facility can be described by functional requirements that include information

about tuture expectations.

.. 16. Dev:elop training exercises that emphasize the importance of this lay

person group input toward the success of achieving a mission-responsive
optimum quality-ot-life facility or other project types. (Assure lay person

-.5 participants that the project can t "get along without them".)
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Steps to be considered (Formatting): 6.e

1. Training modules should be organized to present small "chunks" for each
participant; e.g., case study examples should be focused on a limited aspect

of either mission-responsiveness or quality of life.

2. Format user's manual so that text/examples occur on facing pages.

3. The ruggedness of user's manuals is important for maintaining the

sequences and facing pages. Use multiple ring loose-leaf binders that stay

open and heavy duty paper.

4. Use color and graphics to add interest and to differentiate modules and or
'-. identity repeating elements with several modules (both ink and paper color).

5. Maintain a consistent parallel referencing between the components of the

modes, i.e., if a manual has an accompanying PC disk for data exercises.

COMPUTER (for problem solving products)

Steps to be considered (Substantive):

1 Use CAI tutorial comparisons of old criteria information to new generic

information emphasizing that the new includes prototype functional require-

ments.

2. Use simulation exercises on the computer which are sensitive to the
student level and role the student plays.

3. Use computer graphic diagrams to illustrate the interdependency of the
'--mui -rson input.

4. Develop training exercises that are part of current workload, assuring
efficiency of the training process with short-term payoff.

5 Deveiop training exercises that emphasize the importance of this lay-

perso'n 4roup input toward the success of achieving a mission-responsive
oft imum (Lu.I ity-ot-Lite facility or other project types. (Assure lay person
participants that the project "can't get along without them".)

"A 6. C riricat commands (most important) should be easily referenced and help

p : r ded by inciuding reference cards, boldface type, flashing, key templates,
t, C .

7. In developing T lessons, consider emphasizing the mutual support of user
* trom which the product will now benefit that probably was not a part of the

''old way."

., 8. Consider including a POC reference to CERL for possible continuing support
to the pro~duct users.

* 9. Inte ,rate the endorsement of and confidence in the product in the T 2

*,;on , so that the "student'' (iser) of the T2  becomes a beli, ,er in the
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product as well as a user of the product. (The user truly feels that they
"can't do without" the product.) .

10. Select the most commonly encountered problem-solving (functional require-
ments examples for illustration since the entire range of functional require-
ments possibilities is extensive.

Steps to be considered (Formatting):

1. Training modules should be organized to present small "chunks" for each
participant; e.g., case study examples should be focused on a limited aspect
of either mission-responsiveness or quality-of-life.

2. For those "busy" people, provide more flexibility in the lengths of train-
ing sessions' so trainees can start/stop easily and fragment the training into
chunks.

A%- 3. Maintain a consistent parallel referencing between the components of theT 2 modes--the computer lessons and the training manual and the product's

%: written text (if any).

0 TEACHER (for problem solving products)

Steps to be considered (Substantive):

I. Teacher should present the requirements & criteria part of the facility
space and system information in a flexible way related to the specific diverse

needs of students, based on teacher's experience.

2. Teacher should include good use of anecdotes for "failure" analysis; e.g.,
past experiences of "disasters." Point out how new methods obviate these
pitfalls.

3. Teacher should incorporate proven pedagogical techniques (emphasis, repe-
ition, asking questions) rather than only demonstrating the product.

4. Teacher should exude and thus transmit to the students the endorsement of
and confidence in the product, so that they become believers in the product as

" well as users of the product. (The user truly feels that they "can't do

without" the product.)

Steps to be considered (Formatting):

1. Teacher should use extracts from the book for specific lessons; e.g.,
reproduced pages from the book.

PRODUCTIVITY SKILL ENHANCEMENT:

Develop skills in contributing to group input efforts which includes respect-
ing input of others regardless of rank, position (the importance of good,
valid requirements information leading to improved facilities is paramount--
not the origin of an idea).
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by L. R. ORS O GINER

TECHNOLOGY TRANSFER IN THE U.S. ARMY
.., CORPS OF ENGINEERS ..

by L. R. Shaffer, Technical Director

USA Corps of Engineers: The Chief of Engineers of the US Army
Corps of Engineers has three missions. He serves as the Engineer
Adviser to the Army Chief of Staff for Combat Engineering; he is
responsible for the construction, operations and maintenance of

.-. . navigable waterways and for flood control, hydroelectric power,
hurricane/shoreline protection and recreation, i.e. water
resources for the nation. He is responsible for the acquisition,
maintenance and repair of the physical plant for the US Army.
The technology transfer mechanism in this presentation will
address the Chief's mission involving the Army physical plant--
the primary interests of the CII membership.

Army Physical Plant: The Army physical plant is an essential

resource for providing for the national defense. The quality of c.
soldier's family life; the efficiency and effectiveness of the
Army's training; the responsiveness of the logistic base of
equipment, supplies and soldierpower for Army readiness; and the
take-off point for mobilization all depend upon a responsive
physical plant. And the physical plant required is huge consist-

4: ing of over 190,000 buildings, 48,000 miles of utilities, 560

million square yards of surfaced areas 4,200 miles of railroads,
and 11.7 million acres of real estate located in 300 sites world-
wide. It has a replacement value of $175 billion. And it is a
physical plant wherein the average age of a building is 38 years,
i.e. at two-thirds of its economic life.

The Chief of Engineers performs these missions with an
organization of 900 military officers and soldiers, 31,500
civilians organized into 14 divisions commanded by General

Officers, 38 districts commanded by Colonels and 4 laboratories,
also commanded by Colonels.

New Construction: A major function of the Chief of Engineers is
to plan, design and construct the new military facilities
authorized by the Congress for the Army and for the USAF--the
USAF market shared with the USN. For the Army the Congress has
authorized $1.2 billion per year in the recent past and projec-

U-. tions for the near future maintain this figure.

These funds provide not only for the design and construction
of the new facilities but also for the development of criteria
that insures that the quality of the facility is that required in

the Army environment at an affordable cost. It is important to
note that only 35% of the architect/engineer function is done by

%.s~
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Army A/E's, i.e. government employees; 65% is done by A/E's in
private practice. And 100% of the construction is done by
civilian contractors. This use of the private sector impacts the
USACE T 2 program.

Leverage Required from Advanced Technology: Each year the Army
physical plant obsoletes at a rate which exceeds the productivity
of funds provided by the Congress for new construction by $700
million. With the Congress not being able to provide the funds
necessary to meet the optimum requirements for the Army physical
plant, the Chief of Engineers must seek resource multipliers.

'-. Among the most promising of these is advanced technology. His
policy is to exploit technology for increasing the productivity
of the resources made available by the Congress for new construc-
tion. In other words, the policy is to exploit technology to
stretch the military construction dollar.

Technology Transfer Test Bed T 3B Process: For advanced techno-
l- logy to be a resource multiplier it must be incorporated into the
design and construction of the new facilities. With 14 divisions
and 38 districts being the pressure points and with 65% of the
design and 100% of the construction performed by the private
sector a process has been established which facilitates the par-

- ticipation of all of the elements in the Army and in the private
-- sector for incorporating advanced technology into new facilities.

This process, i.e. the Technology Transfer Test Bed process
consists of the 5 steps shown in Table i.

The process begins with a definition of a technology
advancement, i.e. a product/system, which addresses a specific
Army need which if successful will stretch the military construc-
tion dollar. This is done by a team of P/S users, researchers,
criteria writers and owners. The R&D of the product is Step No.
2. The research is primarily innovative R&D, i.e. smart-buyer
and adaptive R&D. Inventive R&D is the lait resort. The R&D is
completed when the P/S is pilot tested. T B then involves
facilitating the incorporating of the P/S into the design and
construction procedures of the Army. First, a demonstration of
the P/S is in Step No. 3; the authorization in Step No. 4; and
the training, technical support, and generic project documenta-
tion in Step No. 5. The incorporation of a P/S into a specific
project is done via application of authorization documents of
Step #4 by staff aware of the P/S who has sufficient time to
incorporate it. This is the ultimate of Step #5. Each step

*lt '  requires resources; specific programs exist to accomplish each
step. These are identified in Table 2, i.e. the National Team in
Step 1, User Groups in Step 2, etc.

Vertical/Horizontal Integration: T 3B facilitates on the vertical

integration of technology advancement into a project by having
the horizontal integration being done by the "same" professionals

• ...
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from the military and private sector communities who design and

construct specific projects. This horizontal integration
institutionalizes the P/S in a generic way which includes the
requirements of each facet of the military construction process.
Each participant plays a role in shaping the P/S so that when it
is available it will be practical to his/her peers. The partici-
pant can also notify his peers as to its availability.

The translation of the generic information into a specific
project depends in large measure on the enthusiasm in the organi-
zation to foster the use of advanced technology.

Results: The T3B process has been in application in successive

forms of maturization for several years. It is not yet fully
matured. But even the results of the process applied to date are
interesting. First, the length of time after a P/S has been
commercially demonstrated to when it is spec'd and available to
be a P/S incorporated into an Army project is 1/8 that in the
private sector, i.e. 2.2 years versus 17 years. Second, the
average return of the research investment is 34:1, i.e. for each
research dollar invested in R&D the cost avoidance $34.00 has
been realized. No comparable figure available for the private
sector.

Comment: Advanced Technology processed via T 3B is serving the US
Army as an exceptional resource multiplier. It may be that
advanced technology process via a civilianized CII T 3B will
become equally as effective as a resource multiplier to the US
construction industry.

Acknowledgement: The record of the T 3B process to date is the
result of the cooperative efforts of many professionals in the
Army in shaping this process. Principal among these are Mr. L.
Duscha, Mr. W. McCormack, Mr. D. Dressler, Mr. J. McCarty, Mr. C.
Smith, Mr. B. Wasserman, Dr. D. Leverenz and Dr. L. Schindler of
Office of Chief of Engineers; Ms. L. Lawrie, Dr. M. O'Connor, Ms.
J. Spoonamore, Dr. P. Howdyshell of USA-CERL; Dr. G. Marvin of
Cold Regions Research & Engineering Laboratory; Mr. D. Beranek of
the Missouri River Division; Mr. W. Day of the South Pacific
Division and Mr. G. Dunnivant, Forces Command.
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TECHNOLOGY TRANSFER ACTIVITIES ASSOCIATED WITH e '
USA-CERL REMOTE SITE WASTE TREATMENT PRODUCTS .'

by Ed Smith and Richard Scholze -'_

Environmental Division |

Virtually every Army installation has some remote site waste management responsibili- i

ties. Such sites, firing ranges, ceremonial grounds, guard stations, or recreation areas,

traditionally use pit latrines, chemical latrines or unaerated vault latrines. However, :
problems and dissatisfactions generated by current systems include: offensive odors,_'
potential health hazards, and potential groundwater and soil contamination, amongi

others, often resulting in misuse or nonuse of the facilities.

% N

USA-C E RL researchers surveyed state-of-the-art technologies for addressing re mote site '' y

waste management and selected two alternatives as being appropriate for upgrade and -

new construction at Army remote sites: aerated vault latrines and composting latrines -

(toilets). These technologies provide high user acceptance, effective process operation, ..
acceptable health considerations, and avoidance of environmental contamination. .,

Aeration of vault latrines by means of bubble aeration units is applicable for both new ..

construction and retrofit conditions. The technology consists of a motor/blower unit --
which is connected to a perforated pipe which rests slightly above the vault floor in the

longitudinal direction. Air continuously supplied to the waste supports the growth of ,..

aerobic organisms, which break down the wastes into carbon dioxide and water. Aerobic , '
decomposition is about four times faster than the anaerobic decomposition which occurs ..

in vaults which function as holding tanks. Foul odors are eliminated or greatly reduced. :"
~Some minimal mechanical maintenance is required.

• Composting latrines are large chambers in which wastes and organic bulking agents are "''
i placed for biological and physical breakdown into humus-like material by aerobic decom-":''

' position and dehydration. Breakdown of this waste occurs naturally, without the addition -. ,
i of water or chemicals, by aeration using a series of channels and baffles, and a contin-."-

uously operating low wattage fan. Regular addition of bulking agent, occasional raking,
- periodic inspection, and semi-annual removal of the finished end product are the only

additional operation and maintenance besides routine maintenance. ...

USA-CERL research addressed a variety of aspects of these technologies: O&M, health ,.

considerations, economics, basic and applied research and demonstration of the technol- ..
ogies as Army-applicable with complete documentation and technology transfer along the"2.

route to implementation. Selected facets of this technology transfer program are pre-
sented in this paper. .

Existiig USA-CERL FTAT planning documents (Attachment 1) were instrumental in the ,.-

..5

successful technology transfer (T2) of the two products. That is, the T2 Program

4.(Attachment 1) served as an excellent checklist. However, it should be emphasized that 0another complementary planning mechanism would enhance the T2 of USA-CERL devel-
oped products. For instance, a planning mechanism is needed which serves as a blueprint
to assist the PI, Team Leader, and Dironet visualize the T2 process. This type

of planning construct becomes a defendable/definable/action-oriented hard copy "road"-.:
map" which emphasizes T2 from day-one of the ret sewas each project is dynamic
by nature, this approach serves the function of providing a written/documented institu

ational knowledge" unique to each project. The format allows all the players (instru-

: ~mental to the ultimate T2 of the proposed product) to be identified. In addition, the plan"...
allows the details of necessary T2 action-items to be articulated and the status of the

": ~67 :,,

% % % %



project can easily be updated. This type of tool (if institutionalized) would provide the PI I
(and management) a tool to measure/facilitate (and hopefully ensure) that the unique
activities necessary to effectively T2 each product/system have been throughly thought
out, defined, continously reassessed and implemented. The requirement of this type of
process mandates a change in the USA-CERL existing modus operandi and forces USA-
CERL to make T2 of our products a number one priority. It is recommended that USA-
CERL consider adopting this type of concept as a tenet to its evolving T2 process. Each
P1, Team Leader, and Division Chief have their own version of such a plan (See Attach-
ment 2 for an excellent example of a T2 plan dedicated to one of the FS Division
projects). However, it makes sense to aggregate the best features of each Division's par-
ticular version of the plan into a USA-CERL standard format.

T2 is as much an art as it is a science. The following actions were associated with
successful T2 remote site waste treatment project products:

A. The first phase of the project was characterized by an "Awareness Campaign" to
alert OCE and the field that the Army's remote site waste management scenario had
been recognized as a shortfall and that steps were being taken by the R&D community to
find or develop technology to remedy the situation. (Refer to Attachments 3 through 6.)

B. Once the problem had been adequately defined and 6.1/6.2 research had been per-
0 formed, preliminary guidance was issued. (Refer to Attachments 7 through 10.)

C. An FTAT project resulted in a CEGS (Attachment 11) on one of the technologies and
final guidance (in the form of a video tape and USA-CERL Technical Report, (Attach-
ment 12) Engineer Technical Note, etc.

D. One aspect critical to the technology being embraced by the Army (especially HQ,
TRADOC, Attachment 13), was the education of the private sector (especially the A/E

.- and academic community and the environmental/sanitary engineering profession, in
general), regarding the science/technology associated with the USA-CERL products.

S-.* This was accomplished, in part, via conference presentations and papers in refereed and
trade journals.

E. Many products which may impact the health of the Soldier require a form of a Health
Hazard Assessment by the Army's Office of the Surgeon General) before the technology
is approved for Army wide use.

F. The proprietors of an off-the-shelf technology (which USA-CERL has evaluated and
modified to meet Army requirements) play a significant role in the T2 process. The
proprietors' resources, marketing, and expertise should be utilized where appropriate
during the USA-CERL T2 program. The role and importance of USER groups needs to beexpanded. For certain products it may be difficult to organize a formal group (tradi-
tionally called a user group). Do not underestimate the influence and role which a
loosely knit group of supporters and champions can exert and play, respectively, on the
T2 of a product.

Another important "lesson-learned" which several USA-CERL researchers have
mentioned as a short fall to T2 is related to follow up monitoring of the product's imple-
mentation. That is, once the R&D has been performed and the product has been demon-
strated in the field (and adopted by the Army), resources continue to be required to
monitor and obtain feedback regarding the success/shortcomings of the T2 and the tech-
nology itself. Unfortunately as the process exists today, a "clear-cut" mechanism does

... not exist to continue to interact technically or to transfer this monitoring function to
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Army service organizations (such as FESA), or a mission funded organization (such as the

Army Environmental Hygiene Agency). Consequently, the concept/mechanism of USA-
* CERL as a "Center of Competence" for our products needs to be explored further and

implemented more often.
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Engineering Improvement Recommendation System Bulletins are part of a system for

implementation of recommendations from information feedback sources, and are used

in the military construction program to facilitate expedited dissemination of in-
formation regarding problems. The prohablc solutions included in i:RS lulletins
have not been thoroughly explored or SLaffCd. As such, these probah[l, solutions
will not represent a final OCE l)o. iti )i, and their usc will not b mandaL)ry.

Probable solutions are considered as iformational in nature and For the purpose,
of permitting prompt consideration by the field. EIRS Bullctin recipicnts are
encouraged to comment on the probable solutions presented so that other viewpoints

can be considered in the development of the final OCE position. Since changes to

guide specifications issued in EIRS Bulletins are expected to remain firm, they -
* are identified as solutions--rather than as probable solutions--and should be used

- in current design. This issue of the EIRS Bulletin contains 6 inclosures as

follows:

INCL i: ENGINEERING AND DESIGN - Human Waste Disposal at Remote Army Sites

INCL 2: ENGINEERING AND DESIGN - Exhaust Systems for Ethylene Oxide Sterilizers
INCL 3: ENGINEERING AND DESIGN - Showers for Brigade and Battalion HQ Buildings

INCL 4: ENGINEERING AND DESIGN - Grading for Typical POV Parking Areas

INCL 5: CURRENT DESIGN CRITERIA - Recently Issued Criteria

INCL 6: GUIDE SPECIFICATIONS - Drafts of Changes

FOR TIlE COMMANIDER:

6 Incl WILLIAM N. McCORMICK, JR.

as Chief, Engineering Division

* Military Programs
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.-NGINEERING AND il)i*SIGN

.-.

"uman Waste Disposal at Remote Army SiLceS:

- a. Problem: The Army has for many years experienced difficulties in
treating and disposing of human waste at remote sites such as firing ranges,

%,, bivouac areas, vehicle training areas, guard stations and etc. These facili-

ties have no water or sewer systems available. Current Army practice utilizes

four basic treatments and/or disposal methods consisting of (I) trenching and
catholing; (2) pit latrines; (3) vault toilets; and (4) chemicnl toilets.
Each of these methods has certain problems, difficulties, or limitations asso-
ciated with its use as described in the attached report.

b. Probable Solution: Recent research efforts conducted by CERL to
identify and to formulate alternative treatment systems and to appropriate
upgrade technologies for Army remote sites indicated that composting may he a
viable alternative. Composting toilet technology (attached) as developed in
Sweden (similar to the Clivus Multrum System) appears to have many advantages

for Army use. The benefits of composting toilets include simple installation.
low maintenance requirements, odorless operation, waterless system requiring
no sewer, vandal proof construction, and no adverse environmental affects.

% . 5
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Coposting - A Method for Human

Waste Treatment at Army Remote
Training Sites

Introduction

Upgrading-human waste treatment facilities at Army remote sites is neces-
ary according to several Army installation representatives. The Construction

Engineering Research Laboratory is currently investigating inexpensive methods
to accomplish this objective. One such method, composting takes advantage of
natural biological decomposition to treat huan wastes.

Background

Presently, the Army is experiencing many difficulties with human waste

disposal at remote sites without water and sewerage facilities. Remote sites

may be defined as essentially permanent areas designated for a specific opera-
tion or exercise distant from the contonment area of the installation. Yet,
due to high costs of utility connection, sewage collection and water supply
are not provided.

0 Each type of remote site has a unique use pattern. Probably the largest

number of these areas are firing ranges. During normal training exercises at

a firing range a company (160-180 soldiers) is given a 15 minute break to use
latrine facilities. The average number of units available for use at this
type of site is 10 toilets and 10 urinals. Estimates indicate this is approx-
imately half of the capacity which would be sufficient for the number of pea-
pie who must use the facilities in the time period designated. Because firing
ranges provide facilities for several hundred soldiers a week, the lack of
adequate waste handling facilities (a basic need) at these sites could
severely impact their well being. The Army must take steps to accommodate the
needs of these man and women.

One of the notable characteristics of the waste generated at training
areas is the high urine content. This characteristic is the result of pri-

marily daylight hour use. Vehicle and other heavy equipent training areas
are similar in use. Occasionally, intensively used bivouac areas require a
waste handling system. If these areas are not located on Army owned land

*" (many installations rent forest service land) traditional Army practices
(trenching) are prohibited (AR 200-1). Waste collected at bivouac areas is
both liquid and solid, therefore, these sites require a system which is able

to treat both types which are produced in large quantity spordically,
throughout the year. Additionally, this system must prevent contamination of
the environment which is a primary concern for forests and parks.

Other sites having unique waste handling characteristics include: a)
distant installation gates and guard stations where a small number (1-5) pea-

ple are posted 24 hours a day, year round; b) ceremonial grounds with
extremely high usage periodically throughout the year; c) parks and recrea-
tional areas used primarily during warmer months; and d) U.S. Army installa-
tions and remote sites overseas (OCONUS). Each of these sftes presents a dif-

- ferent type of waste handling problem. Many of the systems currently

Attachment 3 (Cont'd) ,4
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available at the sites are not adequately managing the use patterns they are

presented with.

CURRENT METHODS

Presently, the Army utilizes four waste treatment -technologies- at

remote sites. They are: 1) trenching and cat holing as defined by AR 200-1.
This method involves digging a hole into which waste is deposited and covering
the waste with soil. Trenching and cat holing is restricted to Army owned

land as mentioned previously. For sites used over and over by hundreds of men
and women weekly it is obvious that sufficient land would not be available to
maintai.n sanitary conditions in the area. 2) Pit latrines are a large hole

over which an outhouse is constructed. When the hole reaches capacity, the
hole is covered and the structure is moved to a new location. Due to their
dependence on available land, pit latrines have hazards similar to cat holes

and trenching associated with them. The most recent restrictions on the use
of these unit3 has been made to prevent ground water contamination. These

* .. units are also banned from non-Army owned lands. Odors usually accompany
.t-f t hese units due to decomposition of waste. The structure associated with

these units are similar to that used for vault toilets and is discussed below.
3) Vault toilets consist of a concrete chamber overlaid by an outhouse struc-
ture. When filled to capacity, the waste in this unit must be pumped out and
t transported to an appropriate disposal point. This technology is one of the
most widely applied forms remote site treatment at Army installations.
Experience with operating vault toilet systems has indicated several major "t
problems are associated with them. First, since the system is primarily a
storage of waste in a concrete basin, odors due to anaerobic decomposition are
constantly e--itted, especially during warm weather. Odors are excessive
where cracked vaults allow the waste to migrate into the soil surrounding the
vault or overflows occur. These odors at vault toilets are not merely offen-

sive but nauseating to those exposed to them. This inhibits the use of these
facilities and forces the soldiers to search out undesignated areas. Over-
flows of vault toilets are common in areas where rainfall runoff or soil mois-
ture enters the vault through cracks or improper sealing. The dispersion of
the waste in the area surrounding the vault toilet produces a health hazard to

* '-. those who use them. To counter this problem, one installation is spreading
lime on the contaminated soil surrounding their vault toilets to aid in sani-
tation of the area and hinder some of the odor. Overflow occurs where mainte-

. nance schedules do not provide for removal of waste commensurate with the use
of the facility. Often an extra phone call to notify responsible personnel of
the problem is not adequate to insure alleviation of the overloading at a par-
ticular site. Several weeks may elapse between recognition of the overflow,
notification of the responsible authorities, and the dispatch of maintenance
personnel and equipment. By this time, facilities are usually overloaded and

require extensive "cleanup" than might have not been required if immediate
action was taken. However, immediate action is not always possible because at
many installations latrine maintenance is handled on a contract basis. Even
at sites where good operation and maintenance is conscientiously practiced,

"" "clean up- is expensive and collection and disposal are often difficult. The
* average vault toilet has a 3000 gallon capacity and costs $150-225 per unit

per month to pump out. Depending upon usage, units require pumping anywhere
from one to several times a month. Collection is accomplished by pumping
waste from the vaults into a transport truck. Cans, bottles, ammunition and
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other obstacles often clog hoses and pumps and must be manually removed before

or during the pumping process. A final problem which must be addressed con-
earning vault tailet maintenance is the discharge of the waste collected. At
most installations this material is fed into the sewage treatment plant or
other waste treatment operation, writh the potential to overload the facility

and increase operation and maintenance costs. In any case, disposal is a
problem. Insects too can become a problem. Flies are attracted to odors,
wasps find nesting areas, and poisonous spiders congregate in the damp dark-
ness under seats. At many installations, these seats are no more than holes
cut in a plywood board making sanitation more difficult. As one can assess
from the above description (or perhaps a personal experience) vault toilets
can hardly be considered aesthetic from a users point of view. 4) Chemical
toilets are a portable waste collection system. The outhouse and waste col-
lection chamber are constructed as a single unit. Chemical toilets have a
much smaller capacity and employ chemicals to mitigate some of the odor gen-
erated from the stored waste. This technology is also widely used at Army
installations waste treatment systems. This system is very similar to the
vault toilet in the expense incurred and problems encountered for maintenance.
One problem unique to chemical toilets is their susceptabiliry to vandalism
due to its fiberglass construction. Because odors are again a problem even
with chemical additives, units are often damaged. When filled they are com-
manly and easily overturned by dissatisfied "customers' allowing waste to con-
taminate the units and flow onto the surrounding ground. Chemical toilets
must also be periodically pumped and cleaned at costs of $150-225 per unit per
year. Each unit usually requires emptying one to to times a week according
to use. Additional charges are made for relocation of these units.

i These cost figures may not seem extreme until one considers the number of
vault toilets and chemical toilets to meet an installation's requirements.
One installation estimated that approximately $60,000 yearly is spent on 155
vaults' and I25 chemical toilets' operation, maintenance, and relocation.

COMPOSTING

CERL researchers have been made aware of these problems through site
visits and a recent survey. A research effort has been initiated to determine
appropriate upgrade techniques/technologies for both remote site and other
non-severed installation sites which require waste management. As part of
this effort, a preliminary survey of available remote site treatment system
has been made to identify alternatives which are conducive to Army use. The
alternative must be "Army proof" and applicable to the Army's site-specific
requirements, capabilities, and restrictions. This survey has revealed that
composting toilet technology should be considered as an alternative for many
remote sites. Acclaimed as a waterless, odorless, low maintenance waste
treatment system, composting toilets require no chemicals and create no pol-
luting discharge. Composting toilet technology initially developed in Sweden
has been used successfully throughout the world. Adaptable to most climates .:
there are now in excess of 10,000 units in public and private use throughout
the world including every state in the U.S. and most provinces in Canada. .
Among those who have implemented composting toilet technology are the U.S.
Forest Service; national; state, and local parks; the Corps of Engineers
(Civil Works); the Audubon Society; schools and universities, and the Girl
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Scouts. Systems are successfully functioning in temperature extremes which
-'.4 i.,.can reach -40o to 1500F.

The composting unit operates on the principle of aerobic biological

decomposition. A schematic of a composting toilet system is shown in Figure
1. The composting toilet consist of a modification of the conventional toilet
and/or urinal which overlay. a composting chamber. The wastes drops into the
composting chamber where it comes in contact with the pile which initially
consists of peat moss and a layer of soil (which provides biological popula-
tion). Wastes mix naturally in the compost chamber. Internal vents, baffles,I air channels, and a vent stack control air flow through and around accumulat-
ing organic material maintaining the oxygen rich environment. Waste decom-
poses on the pile. Both air flow and pile temperature are often aided by

V." solar energy applications. The principal by-products generated are water
vapor and carbon dioxide which usually escape from the vent stack by a natural
draft. The ventilation system prevents odors by drawing air into the chamber
through the toilet seat when it is open. During decomposition, total waste 7
volume is decreased by 90 percent. The final product is a fertile organic

• .- compost similar to normal garden soil which is safe to handle and easy to
remove. The average large composting toilet unit is capable of treating the
waste generated by 50,000 human uses per year. One or two toilets and/or uri-
nals may be attached to a single tank to accommodate various use patterns or
separate facilities for the sexes. A specific units capacity will vary with
the prevailing conditions such as temperature, humidity, draft, and type of
waste. Design guidance is available to insure appropriate systems are chosen.

First compost removal is usually after three to five years. The compost-
ing toilet requires little maintenance other than that required for sanitation
of the building. It is suggested that a regular inspection maintenance is

*. practiced to guarantee the existence of optimum conditions for decomposition.
Inspection and maintenance would include regular visual inspection of the pile
for moisture content and aeration, regular removal of any accumulating liquid,
regular addition of a bulking agent (organic materials such as peat moss,
shredded bark, lawn clippings, leaves, kitchen wastes) to maintain aeration,
and occasionally turning the pile (in most cases this is not necessary).
These maintenance procedures may be accomplished, quickly, easily and inoffen-

sively in a minimal amount of time. It should be mentioned that this system
can tolerate misuse such as dropping trash or other objects on to the pile.
These objects may be removed if desired but in most cases will not appreciably

* affect the operation of the unit. Due to the simple efficient design of the
syst= very little other maintenance is required and subsequently O&M costs
are low. This low cost makes ccmposting toilet technology a competitive
option to present remote site treatment and future plans considering sewerage.

* Composting toilet technology is also simple to install. Available as a
preconstructed unit or easily built, the composting toilet may be established
at a variety of locations. The preconstructed unit components can be tran-
sported by helicopter, boat, or land vehicle allowing access to even the hard-
est to reach areas. Several vendors around the world manufacture precon-
structed composting toilets and the plans to "build your own" are available.

\t tachment 3 (Con t'd) )
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SU)ARY

Due to the presence of women in today's Army, a new awareness of the
quality of Army life has been generated. Along with this awareness has been
the stark realization of deficiencies In quality which exist in some areas.
Remote site treatment is one such area demanding attention. Many installa-
tions have master plans which include plans to upgrade these facilities. 0th-
ers do not. Where one such plan exists the approach defined in 1970 was to ,-

sewer all remote sites at the installation by the year 1990. This would
include supplying each of these sites with water, sewerage, electricity, and a
new building. It is estimated, if accomplished, this venture will cost
approximately 6.4 million dollars (1985 dollars). This does not include the
cost of the water, electricity, or treating the sewage which will be gen-
grated. Obviously, a more cost effective lower O&M, environmentally safe,
aesthetically appealing system is being sought. Perhaps composting toilets -.

would provide a favorable option. To reiterate, composcing toilet technology
has many advantages including:

(1) low maintenance requirement and subsequently low maintenance costs

(2) pleasant to use because there is no odor due to aerobic decomposition
and a well-designed ventilation system

(3) can accoammodate variable use

(4) easily adapts to climatic conditions

(5) it is a self-contained unit requiring no water, electricity, or

sewage collection system

(6) not affected by foreign matter such as cans and bottles

(7) virtually vandal-proof

(8) produces no adverse environmental affects

(9) easily installed or built

.

80
%.

.............. -.....-.......... "......%, % %



UFact Sheet
US Army Conns
of Engineers
Construc n Engwnwerg PO Box 4005 Pubioc Alfaws Offce
ResearCrn Laooratory Chenpaqin. I 61820 Phone (217) 352-6511

Toil Free 800-USA-CEAL

September 1986

REMOTE SITE WASTE TREATMENT

The Problem

Virtually every Army installation has some remote site waste management
responsibilities. Problems and dissatisfactions generated by current systems
include 1) crude construction, insect infestation, and offensive odors; 2)
ground water and soil contamination resulting from improper privy location and
vault overflows; 3) creation of potential health hazards; 4) excessive
maintenance costs and requirements; and 5) adverse impacts on wastewater
treatment plants when vault contents are emptied. The bottom line is that
oftentimes the troops will not use these systems because of odors and rumors
that use of the systems may cause skin diseases.

The Technology ..

After a survey of state-of-the-art techniques for remote site waste
treatment, two alternatives were chosen as having the most promise of meeting
Army needs and requirements--the composting latrine and the aerated vault
latrine. Both eliminate odor by aerobically breaking down the waste.

A compostOg latrine is a large chamber into which wastes and organic
bulking agents are placed for biological and physical breakdown into humus
material by aerobic decomposition. Breakdown (or treatment) of the wastes
,:curs naturally, without additional water or chemicals, by aeration, using a

series of air channels and baffles and a continually operating fan.

Retrofitting a vault latrine with a bubble aeration systdm is another
option. The Corps of Engineers Fort Worth District has used tnis concept
successfully at Ben Brook Reservoir, Fort Worth, TX, since 1976. This
modification simply involves installing a motor/blower unit and connecting 1t .%
to a ertorated pipe which is attached to the vault floor. Air continuously
supplied to the waste supports the growth of aerobic organisms, which break
down the wastes into carbon dioxide and water. Aerobic decomposition is about
four times faster than anaerobic decomposition, so pumping .osts are
reduced. Preventing anaerobic decay also greatly reduces the odor in the
latrine.

Benefits/Savings

The aerated vault toilet system requires no daily maintenance. The
latrine is used just as it was before; no chemicals or additives are needed.
The aeration system is a mechanical device, however, and as such requires some
minimum service. Weekly checks are recommended to ensure system operation.

81 Attachment 4
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Compoeting Toilets Offer
Economical Alterative

Composting toilets offer the Army a simple, effi- poet is usually removed for the first time about 3 to 5
cdent. economica alternative to conventional methods years after installation of a unit. This final product is
of treating human wastes at remote sites such AS a fertile, organic material similar to normal garden
firing ranges, guard stations, and training and recrea- soil; It is safe to handle and easy to remove.
tionall areas. CERL Is conducting a field test of composting

Research by CERL's Environmental Division (EN) toilets at a firing range on Fort Leonard Wood. This
has shown that these toilets are more sanitary and study is designed to collect Information about:
less offensive than the four technologies now used * Operation, maintenance, and design
for waste treatment at areas without water or sewage * The handling of the extra urine loading typical

IN facilities: trenches and cat holes, pit latrines, vault at remote sites
toilets, and chemical toilets. * The units' durability

For example, with trenching and cat holing, used 0 Users' acceptance of the units.
when troops are on bivouac, waste is deposited in

0 a small hole and covered with soil. However, other Reearch is also underway on the amount of money
waste-handling systems must be installed when troops that can be saved by installing the toilets, rather than• "" " Otheir systems. For examplle, composting toilets could
train on land that is not owned by the Army and when
training areas are heavily used. Pit latrines can pol- readily replace one installation's plan to supply all
lute groundwater and prouce foul odors. With vault remote sites with water and electrical lines, sewers.lut groundwatoer andproe fouomaintenance, and and new waste-handling facilities. The projected cost
a c i tl, eifor this extensive system is over $6 million (1985 dol-
waste disposal can be time consuming and expen- lars), not including expenses for water, electricity,
save-over $2400 per year for each unit. a n sewage e xten fortwg tets could be

CERL's evaluation of alternatives to these treat- and sewagetreatment; composting toilets could be
constru%:ted and at a small fraction of this cost.ment methods indicates that composting toilets are For more information about composting toilets,

effective, economical, low-maintenance systems ap- co Dre.in.oSmith, oEo onEls
plicable to the Army's site-specific requirements contsic Dr. E. 0. Smith, CERL-EN.

(Table 1). These toilets have no odors; do not use U.S. Army Co, ot Eqeers
water, chemicals, or electricity; and create no pollut- Construction Eqsneorinq Resea'- -0

ing discharge. The average unit can treat the waste P.. Box 4005 Ch mos~,, : I -

generated by 50,00 uses per year and for only $60 Off. 217/352-6511

per year maintenance per unit.
Operating on the principle of aerobic biological Table 1

t ,decomposition, the composting toilet is a modification Treatment Alternratives
of a conventional toilet or urinal over a composting

* chamber (Figure 4). The waste drops into the corn- Ccemeei comp,
post pile, which provides a biological population- Oda.

post moss under a layer of soil in a new unit. The
wastes mix naturally and decompose in the pile. 9 Trenching and cat holing * Have low Opleration and

Internal vents, baffles, air channels, and a vent stack 1. Can be unsanitary mainitenance costs -

maintain the oxygen-rich environment by controlling 2. Are restricted to use on Are easy to build

the air flow through and around the accumulating Army-owned land * Ho n aver effects on
* organic material. 8oth air flow and pile temperature 0 Pit iatrne environment

.4% can be increased by solar-energy applications. The 1. Can poiute groundwater
•4,' ventilation system prevents odors by drawing air into 2. Produce foul odors 0 Are self-contained-unit

the chamber when the toilet Seat is open. 0 Vault toilets needs no water electricy.

Composting toilets are simple to install. Available 1. Produce foul odors;

as preconstructed units or easily built, they can set at-tract insects * Are unaffected by foreign
up quickly on a variety of sites. The preconstructed 2. Tend to overflow and matter, e.g.. cans, bottles

unit components can be taken even to the most contaminate surrounding e Are virtually vaindal-oroof

% remote areas by helicopter, boat, or truck. oo e

Because OJ the system's simple, efficient design, 3. H hig oeration and * Are odorless

the little maintenance needed can be done quickly maintenance costs 0 Are adaotale to varying

4', and easily: regular disinfection of the facilities, visual a Cme onals tooets climates. locations. and

inspection of the pile for moisture content and aera- 82 1 Ae susc tible to d .

tion. and addition of a bulking agent for aeration- vandlism

pest moss or lawn clippings, for example. The corn- 2. Require costly and time- At tachment 5
consuming mantenaince

,. . 4 M op , ", % % %NV. "/V % '.
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INNOVATIVE WASTE TREATMENT AT REMOTE SITES
COMPOSTING LATRINES AND AERATED VAULT LATRINES .p.

Description of Technology. Nearly every Army installation contains
remote sites such as firing ranges, ceremonial grounds, guard stations, and
recreational areas. Pit latrines, vault latrines, and portable or fixed
chemical latrines are typically used to treat human wastes at these sites. .4.
Each of these systems are subject to a variety of problems.

USA-CERL researchers have identified aeration of vault latrines and
composting latrines as being appropriate for upgrade and new construction at
Army remote sites. These technologies provide high user acceptance, effective .,

process operation, acceptable health considerations, and avoidance of ,
environmental contamination. Aeration of vault latrines by means of bubble
aeration units is applicable for both new construction and retrofit N
conditions. The technology consists of a motor/blower unit which is connected
to a perforated pipe which rests slightly above the vault floor in the
longitudinal direction. Air continuously supplied to the waste supports the
growth of aerobic organisms, which break down the wastes into carbon dioxide .

and water. Aerobic decomposition is about four times faster than the 4'

4anaerobic decomposition which occurs in vaults which function as holding
tanks. Foul odors are eliminated or greatly reduced. Some minimal mechanical
maintenance is required. .-'

Composting latrines are large chambers in which wastes and organic
bulking agents are placed for biological and physical breakdown into humus
material by aerobic decomposition. Breakdown of this waste occurs naturally,
without the addition of water or chemicals, by aeration using a series of air
channels and baffles, and a continuously operating low wattage faD. Regular
addition of bulking agent, occasional raking, periodic inspection, and semi-
annual removal of the finished end product are the only additional operation
and maintenance besides routine latrine maintenance.

Status of Demonstration. All hardware installation is currently in
place. Fort Jackson, South Carolina, was selected as the primary
demonstration site for evaluating these two technologies for Army use. At
five locations on post firing ranges, vault latrines were retrofit with 4-.,

aeration units. These vault latrines varied from some in excellent, new
conaition to some which were decrepit. Ten composting latrines housed in five
buildings were also installed at two training ranges on the installation. One
composting latrine was installed under the demonstration program at Fort Dix,
New Jersey.

Attachment 7
84

N N

N X'

4~4 .,I ~ %'S. 4. 4' 
4~. 4%



During FY85 the effectiveness of the units at Fort Jackson were

monitored. Army guidance such as a videotape, Environmental Technical Letter,

aM and Technical Report have been developed to assist the Army in implementing

these technologies.

Benefits of Technology. The use of these technologies provides today-s
soldiers and today's Army with acceptable alternatives to the problems and

inadequate solutions which have existed in the past and currently still
operate at remote sites. They offer high user acceptance, effective process

operation, improved sanitary conditions, and avoidance of environmental

contamination.

Returz on investment studies show that for a typical Army firing range,

given that it will be upgraded, construction of new aerated vault latrines
will save $700 per year per range over chemical toilets on an annualized
basis. Given 20 ranges and a 20-year life-cycle, that is a savings of
hundreds of thousands of dollars per installation. This example equates one

A aerated vault latrine with six chemical toilets, a typical situation.

In the majority of situations, aerated vault latrines will be the option

of choice. They can easily be used for retrofit or new construction, and they
are far more economical than compositng latrines in captial costs and require
less operation and maintenance. In some cases, particularly where electricity
is unavailable, a composting latrine may be considered. However, a site-

specific cost/benefit analysis should be performed to ensure selection of the

most appropriate alternative.

Points of Contact. Mr. Richard Scholze, U.S. Army Construction
Engineering Research Laboratory, P.O. Box 4005, Champaign, IL 61820-1305, COMM
217-373-6743, FTS 958-7743, AV 862-1110 (ask for commercial number), or toll-
free 800-USA-CERL (Outside Illinois), 800-252-7122 (Within Illinois).

.4%
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EXCERPT FROM:

Technology for Waste Treatment

at Remote Army Sites

O
' by

i" '"Richard J. Scholze

" "- James E. Alleman .

..--. Steve R. Struss
. Ed D. Smith

i 'A

i'€.'-'This report examines the problems ASoCiated with

traditional methods for disposing of bun wad At
=,'.'-' remote Army sies. Two alternltive tIhnolorle*-- ..

ae ratd vault ltrines and compostng latrines-offer

substantial advantagies over traditional methods such

'd

: " as pit latrines, unwerated vault latrines, and chemlical
A latrines. These two technolohaesr dnayz in terms r

*of their cost. operation and maintenance require-

i. iments, Army applicability, and usr acceptability.
" %

SBased on the iformation obtained from t.e reeach,
recommendatons are made repding applications of

-, these technoloies to use at remote Ary sies. Ln-

formation ts proided on s leoetig, dei, operation.

and maintenane of trec hnoloiesareanalhedoines.
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POO" NO VVSGNL IM i 4 %a,
S: 28 Feb 86

-" sla-FN 29 Oct 85

SLJECT: Elimination of Portable Chemical Toilets

Counanders, TRADOC Installations, ATTN: DEH
Comander, New York Area Command & Fort Hamilton, ATTN: DEH, Brooklyn,

NY 11252
Comand-r, Fort Chaffee, ATN: DEH, rort Chaffee, AR 72905

,

1. The need to provide acceptable sanitary facilities at training ranges and
other outlying areas has caused many installations to resort to service
contracts for portable chemnical toilets. In recent years the number of
chemical toilets procured in this manner has increased to the point that the
cost has become ex:cessive. The Construction Engineering Research Laboratory
(CERL) has tested other methods of handling waste disposBl at remote sites
and has found the aerated vault latrine and the composting toilet to be both
technically and aesthetically acceptable as a substitute for chemical
toilets. A CERL fact sheet explaining details of these units is attached.

2. In view of the adequacy of these two systems, all installations will
iwediately take action to phase out the use of portable chemical toilets and
replace them with either aerated vault latrines or composting toilets.
Specifically, where there are vault latrines already-constructed and

electricity is available the existing vaults will be retrofitted with
aerating equipment. If electricity is not available, an analysis will be
made to determine the economic feasibility of installing electricity and
aerating equipment versus a solar powered corposting toilet.

3. Installations should submit proposed plans for funding and accomplishing
the subject action to this headquarters, ATTN: ATEN-FN, K-T 28 Feb 86.

FOR THE COMMANDER:

0%

-', EnclERALD C. BROWN
EndColonel, GS

Deputy Chief of Staff, Engineer

% CF: Attachment 13
(over)
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TECHNOLOGy TRANSFER OF THE KMQ
by Frank W. Kearney

Engineering and Materials Division

ABSTRACT 1*

The Weld Quality Monitor (WQM) is a non-contact weld quality control

system capable of automatic correction or adaptive control of welding

conditions in real time.

The need for real time weld quality control was recognized by the Corps

of Engineers while constructing the anti-ballistic missile system in North

-: Dakota in the 1960s and early 1970s. CERL developed and tested prototype WQM

%. systems and obtained three patents associated with this work. CERL

%,

transferred the technology to National Standard Company as the first Corps

developed technology to be licensed by a private firm.

This paper traces the development of the WQM through three principal T2

stages: 1) research and development phase, 2) product engineering phase and

3) manufacturing engineering phase.

I INTRODUCTION

During the welding process, changes in arc voltage, travel speed, and

heat input can occur without the operator s knowledge. These changes can

cause defects such as porosity, slag inclusions, incomplete fusion and

undercut in the deposited weld metal. The cost of locating and repairing

these defects can be a major portion of Army construction costs; welding %,%

inspection can constitute 25 to 40 percent of the total weld fabrication

* costs.

Consequently, it is desirable to monitor the welding parameters to

detect, identify and locate possible defects. These needs became saliently

apparent during the construction of the anti-ballistic missile safeguard

system in the 196 0s and 1970s. This construction involved 1100 linear miles

a 95
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of welds that joined liner plates which were used to shield the computer

facilities and other electronics from electromagnetic pulse (EMP)

disturbances. Because of the sensitive and critical requirements imposed on

MM M these EMP shields, the welds had to undergo 100 percent inspection. Shortly

after the formation of CERL with its unique metallurgical capabilities the

concept of real time weld quality control was studied. These studies led to a

configuration concept for a real time system which was breadboarded in 1974.

Two separate systems comprised the Weld Quality Monitor: 1) a process

data system and 2) an opto-electronic data system. The process data system

(PDS) utilizes information from the weld process such as current, voltage,

0 travel speed, wire feed speed, etc. and computes weld quality based on models

"" developed through experimental work. The PDS identifies when the data from

the weld in process falls below the normal acceptable limitations based on the

model and stored data base in the system. The block diagram is given in

Figure 1.

The opto-electronic data system (ODS) analyzes the spectral radiation

from the weld process; the various components of the radiated spectra are

correlated to normal weld conditions and flaw inducing conditions. The ODS is

shown diagramatically in Figure 2.

* The PDS was funded in the AT-41 program from its inception, whereas the

ODS was initially fanded by an ILIR. Starting in FY 79, both systems were

-1-ofunded Uind r AT-4 1.

',, I G F.RL RESEARCH AND DEVELOPMENT ON WELD QUALITY MONITOR AND PRELIMINARY

PRODIJCT ENGINEERING

The R & D phase of the WQM was fraught with ponderous complexities
*

because two new technologies were being combined - Microelectronics and Real

Time Process Sensors. Microprocessors only months out of development were

96

d*~~~~~~~~~~ W %. A, M.- -N*W N . 0,.--.k --. %



WNN'

used for data processing and there was no data base for welding processes

developed using the sensors invented in the WQM program. The welding 9

profession was unfamiliar with the concept of real time weld quality control

and were adamant that conventional "after the fact" nondestructive testing was

the only acceptable control. As will be seen, these factors magnified the

problem of technology transfer for this system.

Breadboards for the configuration concepts developed in 1974 (PDS) and

1976 (ODS) were substantially completed in the 1977 to 1978 timeframe. As

mentioned there was no experimental data base extant to correlate WQM sensor

informition with weld quality; consequently, an intensive, concurrent effort

to obtain this data base was initiated and continued through the breadboarding

- period. The prototype system for field testing was fabricated in 1977 and

tested at Ozark Power Plant on a turbine shaft repair job in the Little Rock

District. In 1979 after successful testing, patents were applied for. The

three patents were 1) PDS system, 2) ODS system and 3) an opto-electronic weld

travel speed system. During this time presentations were made at various

professional societies such as American Welding Society and American Society

for Nondestructive Testing. As a result of these presentations the need for

the WQM grew in crescendo fashion; similarly, test sites were suggested for

field testing the WQM. From 1979 to 1981 rudimentary product engineering was

required to produre a unit rugged enough for field testing. The first field N.

test unit is shown in Figure 3. Six of these units were produced and tested

at Lima Army Tank Plant, Alliss-Chalmers, Vandenberg Air Force Base and

Waterways Experiment Station. It was this phase of the work, i.e. this

preliminary tech transfer activity that engendered an onorous aspect of T 2 _

fifty percent of the R & D funds were expended in support of these field

activities. Resource problems grew geometrically. Permutations of three
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facets contributed to this: support of software for the system, upgrading the

micro-electronics system to meet changing field conditions and the

geographical dispersion of the test sites. It was in this tenuous state of

affairs that it became obvious that a laboratory would not perform this phase

of T 2 and a suitable producer was needed.

[1i TRANSFERRING THE TECHNOLOGY TRANSFER TO NATIONAL STANDARD

As early as 1980 it appeared that T 2 to the private sector would be a

r, itiv-lv straightforward task. Several. manufacturers of electronic

equipment approached CERL to produce the WQM. However, in all cases the W'

potential vendors did not have the resources or experience to produce the WQM

such that the Army and the general public could obtain the systems and equally

important could not provide field support for the systems. Consequently,

three criteria were developed for choosing a candidate producer: 1) suf-

4. ficient background and knowledge to appreciate the concept and the technical V

ability to fully develop the technology (ideally the producer should be in a

field related to welding technology), 2) sufficient stature such as size,

financial strength, and demonstrable business and professional acumen and 3) a

field engineering group capable to support the system, i.e. "service after

In July, 1983, National Standard Company of Niles, Michigan, became aware

of the WQM through an article describing the Weld Quality Monitor in the Z'

* Welding Journal. They immediately contacted CERL and visited the laboratory

in December 1983; impressed with what they saw, corporate headquarters sent a

letter to CERL requesting the right of first refusal for the WQM technology.

At this time CERL and the Corps legal groupwere in the position of the dog

that chased cars and caught one - what to do now. The Stevenson-Wyiler Act of

1980 conveyed the congressional intent for federal laboratory technology

* 98
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transfer to industry but lacked specifics regarding implementations. As a

first course of action COE Counsel referred CERL to the Judge Advocate

General. Following the practice used in licensing pharmaceuticals. The JAG

announced the availability of the WQM technology and intended award of an

exclusive license to National Standard in the Federal Register. With this

requirement satisfied, negotiations began on a license agreement; but since

this was the first instance of the Corps transferring technology via a license,

there was no precedent for the terms and conditions of such a license. The

JAG composed a draft which was modified by National Standard and subsequently

agreed to by CERL. The joint signing of the license occurred May 24, 1984 at

CERL.

The license runs for a period of seven years with an option for renewal;

CERL reserves the right to revoke the license if appreciable effort is not

shown within two years to bring the WQM to the market place. National

Standard may grant sublicenses subject to approval by CERL. National Standard

is to submit annual reports to CERL and a royalty of five percent of gross

sales to non-military users is charged. There is also a general article
5,0

pertaining to a mutual research and development program.

IV. TECHNOLOGY TRANSFER TO NATIONAL STANDARD AND MANUFACTURING ENGINEERING
'.:

The rationale for the criteria mentioned in Section III regarding

sufficient stature and financial strength was certainly validated by the

resourre committment made by National Standard to produce the first production

model for the general minrket. Although exact figures for this effort are

proprietary and unavailable to CERL, it is estimated that this cost was

approximately $1 million. This is understandable because the WQM is a

-omplex, multi-faceted system involving sophisticated sensors and hardware,

ind associated applications software. Also a lesson learned in this T2

r 
99

5% :"."." . . . . . -:'."- " o # ''.'''m'e'' 2 "g'. # :" '.. . .. '-" ." ."-"-.2", ''''"..-."



activity was that the transfer did not mitigate the level of effort required -

by CERL resources; for the first year the CERL involvement equalled that of %

the years prior to the agreement. Approximately one-half man year is

continuing to be expended in support of applications engineering and data base

development for shielded metal arc welding (SMAW) applications.

The stagos of manufacturing engineering as performed by National Standard

with CERL participation are as follows:

" Jan 85 - Jun 85 Developed functional specifications for WQM system;
re-evaluated systems specifications; established pilot

laboratory and procured prototype hardware components;

developed software utilizing both the CERL data base

.. , and the National Standard rudimentary data base.

Jul 85 - Dec 85 Built/tested/approved production prototype.

Jan 86 - 86 installed/field tested first production prototype.

Jul 86 - Oct 86 Finalized production procedures and installed tooling

and set up production line.

The first production run was started October 9, 1986. The unit as it is

now marketed is shown in Figure 4.

mqSq

V. CONCLUSiONS

The primary lesson to be learned from this T case study is that the

limitations of the natal laboratory in bringing a particular product/system to

market must be recognized! Too much effort in product engineering will be

-.. detrimental to the laboratory's prime mission - R&D. The expenditures made by

Nation-il Standard to produce a robust WQM could not have been made by CERL -

yet, anything short of the NS commitment would have been futile. This is not
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a unique situation. The Voice Operated Inspection System was recently

..transferred to a private company; the first technical activity was to scrap

the CERL hardware/software and upgrade at a cost of $200,000.

These are hard economic facts that might be blurred by the brilliance of

the technical accoplishment, but are pertinent if an idea is to be taken

beyond the repose of a library shelf.
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TECHNOLOGY TRANSFER OF UiVAC CONTROL PANELS
by Dale L. Herron

Energy Systems Division '

Introduction

The control systems used with heating, ventilating, and air-conditioning (HVAC)
systems in Army and Air Force facilities are typically pneumatic systems which are
designed and fabricated individually for each facility by a control hardware supplier. As
a result of the increasing emphasis on energy conservation in these facilities, the control
systems are becoming complex and difficult to maintain.

USA-CERL research has developed new standardized control systems based on the
use of state-of-the-art electronic control components in a standard control panel

configuration. These control systems significantly improve energy efficiency and
maintainability of HVAC systems by standardizing the control system design and the
hardware used to implement the design in a standard panel.

Because the new control panel concept used existing components, the panels are
not a patentable device. Thus the final products of this research are the standardized
control panel designs and the guidance documents required to implement the use of the
panels in new and retrofit applications in Army and Air Force facilities.

Research process

The development of the new control panels included three major thrusts: research
to evaluate HVAC control hardware, development of the control panel design, and
development of the design documentation. The chronology of the development is as
follows:

1978-1983: In-lab research of HVAC control components determined that existing
pneumatic control systems typically did not perform adequately and had excessive
maintenance requirements. Research also showed that electronic analog control
components (developed by the control industry in the early 70's) did have high accuracy
and low maintenance requirements. -"

1979-1983: Field investigations of HVAC control systems indicated that most pneumatic
systems were not functioning as designed and could not be adequately maintained by the
Army and Air Force maintenance staffs. ,

1983: The concept for standardized HVAC system designs implemented by standardized
control panels using electronic analog control hardware was developed. A prototype
panel was constructed in-house.

1983: The first commercial prototype panel was developed for the laboratory by a small
control manufacturer (TSI) in November 1983. The panel was constructed from designs
provided by the laboratory. Funding for the panel construction wns provided by USA-
CERL.

1983: First HVAC controls user's group meeting was held in November 1983. The Army
and Air Force attendees were supportive of the panel concept and agreed that
documentation describing the panel should be produced. Panel concept would then be i
implemented by Army and Air Force Engineering Technical Letters (ETLs).
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1983-1984: The commercial prototype panel was testing in actual operation on HVAC . .o

systems at USA-CERL.

1983-1984: Other control panel manufacturers were solicited to produce the panel. Only
one additional manufacturer (Johnson Controls) agreed to construct the panel. Several
panels were procured from both manufacturers (TSI and Johnson).

1984: OCE decision was made in January 1984 to develop a completely new guide
specification and technical manual for H' ',C controls based on the USA-CERL standard %
ponei concept.

1985: First draft of a technical specification for the standardized control systems and
panels and the design instructions for their use were completed and forwarded to the
Army and Air Force for review in January 1985.

1985: First electronic analog control panels were installed at an Air Force field site in
January 1985.

1985: Panels were displayed at an international exhibit by a manufacturer in January
1985.

1985-1987: The electronic analog panels were evaluated via an FTAT project at three
Army installations.

1986: OCE (through Huntsville Division) awards contract to develop the new controls
guide specification and technical manual based on the draft USA-CERL technical
specifications and design instructions.

1986-1987: Pilot projects using electronic analog panels are initiated by the Army and
Air Force. Two additional manufacturers begin to produce electronic analog panels.

1986-1987: Research by USA-CERL and others indicates that single loop digital
controllers are now more cost effective to use in the panels than electronic analog
controllers. Panel design concept was changed to incorporate these controllers.

1986: OCE decision was made to develop the HVAC controls guide specification and

technical manual based on the use of the single loop digital panel instead of the
electronic analog panel.

0 1987: Air Force decides to implement the use of electronic analog panels since the
technology is proven to be effective while the development of the single loop digital
panels and the associated documentation is being completed. ETL is released in June
1987 mandating the use of the analog panels for new and retrofit Air Force projects and
provided the USA-CERL produced technical specifications and design instructions as
supporting documentation.

1987: First in-lab prototype single loop digital panel is completed in May 1987 and in-lab
testing initiated.

Projected future efforts:

1988: First single loop digital panel provided by a control manufacturer.

1988-1989: FTAT project to field validate use of single loop digital panels.
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. 1989: Guide specifications and technical manual on HVAC controls will be completed bythe Army. Army and Air Force will adopt the use of standardized control systems

implemented by single loop digital control panels.

Lessons Learned:

While the research process to develop the standardized control systems and panels
was relatively straightforward, the technology transfer process was not. Because the
final product was non-patentable hardware, both the users (in this case the Army and Air
Force) and the suppliers (in this case the control manufacturers) had to be convinced that
the product was viable.

The time required to implement the use of the panels after the first prototype
panel was developed was four years for the Air Force and will probably be six years for
the Army. During that time, the state-of-the-art in control hardware changed such that
the panel had to be completely redesigned even before panel use was mandated.

The Army HVAC guide specification and technical manual development process
has/will take at least three years to complete even though technical specifications and
design instructions for the control panels were completed prior to the start of the guide
specification development process.
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* PAVER TECRIOLOGY TRANSFER
by M, Y. Shahin

Engineering and Materials Division

The Technology Transfer T2 process of the PAVER Pavement Management System

began at the outset of system developed by following the steps shown in figure
I. Following is a description of each of these steps:

I. IDENTIFYING THE INITIAL AND ONGOING NEEDS

1. Various user levels, were visited to discuss current pavement
management procedures and to identify needs for improvement.

2. A literature search was conducted to find out how the identified
problems were currently being handled by other organizations.

3. As a PI began to develop champions with all possible pertinent

organizations which can be the source of fund and have the need for pavement
-. management.

11. DEVELOPMENT

-. 4" I. Identified a team consisting of both researchers and field experts in
the area of pavement maintenance and management.

2. Defined existing technology that can be modified for the problem at

hand as well as technology gaps. It was identified that the most important
-V technology gap was a rational method for measuring pavement condition. This

method was referred to as the Pavement Condition Index (PCI). The
requirements for the PCI were to; agree with the collective judgement of
experiencedpavement engineers, repeatable, and relate to needed maintenance
and repair.

3. Initiated a user group to insure the usefulness of the final product.

0 4. Began planning for the application phase (training, Strategic Support
Center (SSC)).

5. 1de-tified all potential users with interest in PAVER e.g., USAF, FAA,
Arm", NAVY, etc., and kept them informed of the progress in development.

6. Conducted pilot test for the purpose of software debugging and
improving user friendliness prior to initial release.

Bcg-iri development of guidelines for expected use of the product in the
various phases of planning/design/construction/ and O&M as applicable.

ill. FIELD DEMi

1. Conducted a field demo at Ft. Eustis supervised by over 20 pavement
engineers.
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V 2. Identified an Assigned Responsible Agency (ARA) for overseeing the

demo and making the system available if demo is successful.

3. Insured continuing support from the user committee.

4. Insured continuing support by the CERL top management.

5. Made other potential users and agencies aware of the field demo, and

results.

6. Based on the field demo, developed package for the product use in

planning/design/construction/ and O&M as applicable.

IV. SYSTEM AUTHORIZATION

1. Worked with USAF and Army to facilitate initiation of System full or

- partial authorization. For example, prepared Air Force regulation, Army

technical manual, and assisted in developing project approval steps based on
P A V ER.

2. Worked with in accordance with Army regulations to make PAVER Standard

%system.

3. The system was accepted and implemented on a voluntary basis which
proved to be best.

V. APPLICATION

1. Made the system available to the military users through the U.S. Army

o Facilities Engineering Support Agency (FESA) and to Civilian users through the

American Public Works Association (APWA).

2. Published articles in trade and technical journals for technology
acceptibilitv and feedback.

3. Attended symposium/workshops to take advantage of outside technology

that can be adopted or incorporated into product.

4. Assisted in coordination meetings and development of association among

-. .using agencies.

-VI. YSit.N ['DATE

It should be recognized that PAVER is a living system that needs

continuous update as technology is improved as illustrated in Figure 1.

b4,'!
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APPENDIX: KEY TO FIGURES I AND 2

RESPONSIBLE PARTIES:

• ":;A. Chief of Engineers

B. USACE R&D Review Board
C. Directorate of Research and Development
D. Other USACE Directorates

E. USACE Labs
F. Others

SUBTASKS:

1. Solicit, receive, consolidate, evaluate in relation to USACE
major themes. Define basic mission problems and assign

directorate priorities.

2. Divisions, districts and MACOMs: Submit user problem
statements.

3. Solicit user problem statements

4. All others: Submit user problem statements.

5. Consolidate problems, coordinate with directorates, transmit
to labs for assessment.

6. Develop preliminary assessment of feasibility of problem
solutions, including estimate of time and cost.

7. Consolidate, review lab assessments and estimates,
introducing USACE and national considerations.

8. In coordination with directorates, recommend total USACE

priorities.

9. Review, validate user problems and lab assessments; make
adjustments when recommended total USACE priorities conflict with
existing capabilities. Recommend priorities and thresholds below
which R&D efforts should be deferred or disapproved. 0

10. Approve priorities and thresholds.

1. Publish priorities and thresholds.

12. In coordination with directorates, develop and issue program
guidance within approved priorities and funding guidance from DA,
OSD, OMB.
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V

13. Formulate lab programs consistent with objectives,
priorities, and guidance, assuring balance with commitments to
other "customers" and maintaining sound in-house/out-of-house
ratio.

14. Review lab programs and provide comments and recommended
changes.

15. Review, modify, consolidate, and coordinate programs into a

recommended total USACE program.

16. Approve USACE program.

17. Develop program justification in coordination with
directorates and labs.

18. D/CW: Defend civil works program with directorates SPT and
follow through.0I

19. Defend RIYXE program and follow through.

20. Review program in terms of resources actually authorized and
adjust in coordiation with directorates.

21. Exercise staff supervision to assure effective use of
resources.

22. Monitor on-going research and final results to assure
consistency with user requests, themes, objectives, priorities.

23. Adjust lab program.

24. Execute assigned programs.

25. Submit quarterly R&A reports.

26. Review and recommend directive action(s)

27. Review and Redirect as necessary.

28. Present summary of accomplishments, shortfalls, problems,
and resource status. (Semi-annual corps lab program review
system).

29. Review lab program.

30. Provide guidance and program direction

31. Follow-up

32. Complete and publish or otherwise communicate results of
research in form specified by user.
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33. Review research results to assure effective communication
and transfer of results.

- ~ 34. Monitor and assure transfer of results to all applicable

35. Receive research results (answers to problems).

36. Ilse research results.
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TECH TRANSFER CONSIDERATIONS
by R. D. Webster

Environmental Division

1. A STEP-BY-STEP PROCESS

It is unlikely that ONE step-by-step technology transfer process will ever suffice for all types of

products and systems. The Environmental Modeling and Simulation (EM&S) Team within USA-CERL

has developed what would appear to be a software project development process which stimulates and

facilitates tech transfer. Based upon the "prototyping" approach to software development, as opposed to

the traditional "stovepipe" type of system development, this approach has proven to be very effective in

% developing products which are readily tech transferred. At the "end" of the development cycle, in fact,

the systems are readily used by a community of user's who are familiar with the systems and have a

vested interest in system success. The level of effort spent on each phase of this process varies from

project to project, but each phase adds essential elements to eventual tech transfer phase which are

important. The phases of the development process can be represented as follows:

Idea Formulation

Prototype Development

Prototype Enhancement

User Evaluation

User Group Synthesis

As shown, the last three phases are continuing iterations as the product evolves toward some optimum.

It should be noted that there is no clear point at which this iteration process is complete. In fact, as

long as the users are active (i.e., using the system), there is always a need for modification, improve-

* ment, or enhancement. Any system which does not exhibit this iterative need for improvement may
.

not be undergoing robust usage by an active, contributing user community. Additionally, as long as the %

users will financially support this iterative process, it should be encouraged - a type of free market

determination. Often, this type of support is accomplished with O&M money after the original work

has been leveraged through the appropriate use of R&D funds (principally during the first two phases

of the process). For clarification purposes, each phase of this process can be characterized as follows:
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IDEA FORMULATION - This phase involves both technical AND user inputs. In some cases,

one person can provide both viewpoints, but it is essential, at this pha.se, that the two distinct

vienpoillts be formulated. The technical view is often based in the recognition of technological oppor- r

tun ty, andt the user view is often based upon an appreciation of the cultural arid practical environment

in Ahich this iinovation must be fostered. Either view, in the absence of the other, will insure tech

"r e difficulties. If the technical participants on the development teams need input from a user per-

spective, it is possible to "select" a "representative" user. This can be difficult and holds considerable

risk in the determination of the "typical user view." However, getting one voice (or, at least, a small

number of them) is essential at this phase. Else, the project can suffer from too many inputs, too early .

Often users can argue about the trivial aspects of a system (to the point of condemning other views)

and never see the fruition of the effort because of these disagreements ( "Too many cooks spoil the

* broth"?), Recognizing this aspect of human behavior, the project leader is often required to "syn-

thtsize" those elements of the discussion which appear to be a common user requirements; thus arbi-

trating disparate views in the interest of system progress.

Son'tinies the user representatives appoint themselves. Whether responding to a technical pro-

posal or concept, or even being the source of the original idea, this enthusiasm deserves appreciation.

If such enthusiasm does represent a broader user view, the product/system stands to be very successful.

Sorie evaluation of this "universality" is essential, and must be periodically performed, but emergence

of in "enthusiastic user" has considerable impact on both product quality and tech transfer.

IPROTO''YPE DEVELOPMENT - This part of the process is almost entirely left to the technical

duve lopinent team. It re, a synthesis of views and discussions must occur. On larger

products svsterns, it may be necessary to see that interfaces between tasks (often different teams or ele-

i"wi"t.,) are car' f ull v co .. rdiriated (As one software expert aptly noted, "The bugs occur at the inter-

fa,',s.") On sin aller systems, the importance of this coordination diminishes; allowing more individual

-vcl 'l- 'l craivtilv witholit unnecessary administrative constraint.

I'SIK R l [AIJ.'ATION - During this phase, the size and importance of the user input increases.

'!'his is a very critical time in the phase of a project. The technical staff (including the user representa-
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tive i vol,,lv d ii the i rv t f irs L . ) nIInst resp(,nd favo r:,bly to uls, r com' meuioi try. "lhi; c- l I ,:irtivularly

difficult where "pride of authorship" is involved. This "pride" is a very commendable staff attribute and

should be encouraged in the technical staff, but, at this phase, the technical staff must "listen" to the
,," -%

.% A user. At this point, the user is seeing the first version and will provide considerable input into the pro-

-,-% cess (continuing into the future and during tech transfer) unless alienation occurs. The technical staff

can pass judgement upon user suggestions (and even have open confrontation), but this must only be

allowed later in the process, after user comments have been tempered with the time necessary to pro-

vide truly objective review and analysis

USER GROUP SYNTHESIS - At this point, true "users" will become apparent. A true "user

group" must consist of people who use the product/system. In the case of an interactive computer sys- %

tern, these are the people who actually "interact" with the system. While many people may interpret or

use system outputs, they cannot provide the same insight to the system design as the person who actu-

ally interrogates and flexes the software. Therefore, in this context, the user group definition is very ." -

narrow. With the term "user group" becoming more popular, their is a tendency to arbitrary define a

"user group" too early in the process. This can, in fact, keep actual users out of the development pro-

cess; and with predictable results regarding tech transfer. While many systems have user groups, fewer

systems have both user groups AND users.

The true user group can now provide a much needed role in the process. Trivial modifications

will tend to be minimized while modifications and augmentations which improve the prototype system

will be the more usual result. At the same time, the system (still in R&D) will be developing a user 0 %

0 clientele with an appreciation for its benefits, and hence, some programs for O&M support, funding,n

etc. This appreciation can certainly streamline any tech transfer by creating "pull" for the product (by

real users) and negating the often adverse effects of R&D "pushing" the system toward a reluctant or

unfamiliar user community. The EM&S Team has noted that its systems are more likely to gain accep- i

tance as "non-mandated" systems, as a result of the natural psychological tendency of users. If users

are free to choose approaches and elect to use these particular products/systems because of their per-

ceived benefits, there is a direct empirical verification of the systems' success. If the system is "man- g

' dated," usage is harder to evaluate as a measure of system success. "True" usage (iterative interrogation
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and use of the svstem) as approved to "token" usage (clipping system output to the back of the study) .

is hard to distinguish.

The user group concept cani streamline this user acceptance through both peer communication and -

a true appreciation for user requirements. A considerable amount of work is necessary, however, to

insure successful transition across the interface between Prototype Development and User Evaluation

phases. 

PROTOTYPE ENIANCEMENT- This is the phase during which the system really mnanifesLs

itself. Ilere, user supplied suggestions are implemented through major rewrites or minor modifications
/I

- hichever is necessary. At this point, MEANINGFUL dialogue is exchanged between the elements

which know what is technically feasible and elements which know what is needed. In the absence of

the first "prototype," it is considerably more difficult to reach this phase of the process. If the first
II

phases are accomplished with proper professional attitudes (on the part of ALL concerned), this phase

can be very exciting from a technological standpoint and very productive from an economic or user

standpoin t.

It is possible that one iterative cycle back through the user will suffice. This however, is not

always the case. This is not even desirable in some cases and the number of iterations is often based

on system performance/requirements, financial support by the user community, changing agency guide-

lines, and many other exogenous factors independent of the R&D team or the user groups. Again, suc-

cessive iterations should not be discouraged, as long as a user product (the optimum result) is being ,

approached. The only real danger in cases where the development has numerous iterations is a system ,N'

losing modularity while, at the same time, it is expected to do more. As a system gets larger, modular- e

ity becomes more essential. It is also important that, at some point, users pick up the O&M burden of

the system (When it provides enough tangible benefit.s, this becomes practical), leaving R&I) funds 2
4 free for appro priate other uses.

2. IIT'IAPY PLAYFCS ,

\-,itin 1;,SA(-h'1, Oh,,, obvious military player is the Conmander/l)irector. flaying direct con- II
taict with fh,. nmanag,,im .nt and executive players (the bosses of our users) he can provide several
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nee de d fu nctio ns. These include th e re solIu tionr of conflicts, communication of' R?&l needis,

identification of financial support, support of both the user and the lRkl) teami ini apjiropriat.' fot iris,

* ~~an 1 othier activ ities whicht play an impo rtantt role in tech tranisfe r. EMI XS TFeant ex p' erice wvith tie

niohtary oilts ide U SA- CLRL has been ge ne rally positive, except in cases where norni al office r rotation

pliyed havoc with long-termn plans. However, the military players have proven to be technically sound

aridl, it re imnportanitiv, "action-oriented." As the heads of different user organizations. these players

can exp-:dite progress ini many cases where civilian initiative (or decision-miaking) was often slower in

Comning. This has been observed at a number of offices at higher levels as well. By arid large, these

W players formi influential catalysts for change and should be encouraged to participate in the Rkl) effort.

13.'caiise of their temiporal nature in organizations, however; they cannot provide sustainable, long-term ' *

I?%ii; port. '['is alttost al%%ays cotnes fromn the civiliati-dominate d "irnstitutio nal me moiry" oif D A age ncies.

0 Thv often r' pre se nt lthe lonrg- terin users anti are essential to success.

Pr )uii i Cinvolve rrunt of military players in the R&D effort becomnes difficuil t to aclie e. U SA-

('I?[, has benefitted fromr a reputation for providing the nuch-needed "new idea." USA-CERL,

'C.through'i Its an illation with universities and, to some extent, industry, provides a mire distant and oftcn

F'c used view of the overall technological or process picture. This is particularly, true where tite comnpo-

siton of a give n office is predominantly military officers - often with similar or identical train ing. It is%

lt such alt enivironnient ttiLt "decision making from a cubicle" runs the real danger of reaching a "con-

- ~ se risuis too early iii the evaluative process, before many alternatives to given actions have been

evalitin, I. 'Ibis coisC nsis can develop a false sense of "doing the right thing" Although it cart be based

*1;11 .pr a N'rilin iTi1tV;th O' robust evaluation required in an R&DJ comrmuriity anid useful in policy

.'' aii~i'tS.' ',ral re,'citi priYct sponsors have iidenrtified this problert arid soliciteid USA-(CICI?L, sup-

i-r t 
to pr'' id.' a fif'r't viw frort thev R&l) community lit evaluating technical arid policy issues.

'Ih,.''e dii' rvv'nit IjviS cani provide rruch-rieeded insights into approaches arid policy (lecisiors which

h av,' i e ti, h-i iriav ailalev If this c 'ipahility were miarke ted as an RX-Dl type of service of' value to

hicf11r-L.vvel d'-cl~ion-riakers li HlOlA (arid the injection of new vivwpoiriLs is a legitimate tech transfer

tiiit>his w&ould naturally itnvolve moure rilitary players in toir research program. It is also irrpor-

an't to ri te that, (;as a resit tif th', o ffice r roitation prograrim) the MIai )r or Captain obtaining assistance

-p o
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fromi U SA- CI*R 1, cani b co in e a vocal prod uct/syste mi s poniso r as a Co lonel or even thte

Corin rn ando , ) ire cto r. InI such cases, we have achieved considerable positive mrilitary involvemfienft.

iis also Inmpo rtan t to note that mnilitary sponsor in volvemnnt has assisted the EM l&S Teamn at all

phases of produtc tsyste i development. The miajor proponents of this work have become dependent

o poin the team to assin4 int tli dcevelop me nt of policies anid proced(1ures, allowing the ne cessary tools t'o

he dcx elo)ped in conrce rt. A yery, o pen dialogue has always beeni available and useful for these dlevelop-

riit k-ff Irt,. Thiis mnilitary in put hiaz; always been a respected contributor to these systemns anid their

(losjigti, developitent, utilization, and tech transfer.

3. COMM IUNICATIONS ANI) MARKETING TOOLS

Tbi ategory of (discussin n m1ulst be temnip ored with a large d ose of reality. 1 ie o i, c rsru -

tive comrn:iin icatio-ns is an important part of almost any project arid, in fact, an important historical

oq % ;irce e f prol berns for te cli nologists (arid can pro founIidly affect techI transfer), rnarke tinig is oftcn

o A -. e.i phLasI ted. No tool xviIII work u nless the develope rs of a pro oct 'systen are cin rnitte d to thre

obhjectives:

I ) thOe ,. ~Stefii to hV use(d,

')the ui-oer t, ob~tain some benef it,

Sto ox 10nfl thre oe rgv miecess ary for toech transfer.

If all three of thtose ele-ment-s are not part of the developmient process and the development team

Iit : lc -l comitted, rio amount of marketing will accomplish tchl transfer. To a large extent,

Ise f t,,ch transfer dlependis upon the perception users receive as they boar or inives tigat'e the

~r~lI -)t~iat all (r different phaLses of thre developmental proceoss. Sex oral p~erceptionms can hinder

i, irar-!'er 'r this reigard anrd mariy (If thoem are related to the traditional commnrrtricatiorn probleni of

t r ,ti I , 1,, ot itt dvaliti A w tfti t he lavinri:

0

* * iel x fr :ir, t-)~ buisy to talk.

eidto)oliicat, ohsiae to deal with.

"-J" d-tr fOwsv rli 1,veond( the abhility of tre riser to, change.
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(4) The interface is too complicated.

Users tend to categorize product systems based upon their exposure at different phases. If inispercep-

%.) tions occur, considerable effort is required to cure them, and, in many cases, these negative connota-

tions can never be changed. If positive perceptions (on the part of as many users as possible) are

achieved during the development process, tech transfer almost drives itself. The EM&S Team has

experienced both extremes in the development of systems.

Again, communications is critical to the success of the system. Peer recognition and communica-

tion among users is the most effective means of tech transfer. These users like to share successes and

%V any product/system which achieves a level of positive notoriety among users and their peers will be

successfully tech transferred (even if the users have to support it.) Means of stimulating positive peer

communications among systems users should, therefore, be encouraged.

Other tools to stimulate transfer include formal DA documents - DA PAM'S, ETL'S, etc; and
5"---

.- -. CERL outputs - technical reports, newsletters, fact sheets, etc. All of these achieve the same purpose

if placed in the right hands. This is, however, very difficult to achieve. Mailing lists and other means

of mass mailing do not insure the successful supply of technical material (at any level) to the right per-

sonnel. EM&S Team experience has indicated that users become acquainted with systems and request

* technical material and assistance, after first hearing about the product/system through other means.

In addition to peer interchange; USA-CERL visits, and personal marketing are very important to

A, the tech transfer of R&D products. Many times, a trip to Washington, DC (or some other office) can

"-" obtain additional marginal benefit by just "touching base" with potential sponsors. This same concept of

personal touch is particularly valuable at the MACOM and installation level where demonstrated

interest in their problems are appreciated. While travel can be expensive and often frustrating, it is an

S-. essential ingredient of tech transfer (Knowing the users).

,"-'-"Seminars and conferences can be effective means of initiating tech transfer with new users. The

"-" success is very difficult to predict, however, and these mechanisms do take considerable time and

- resources. Again, the users exposed at these seminars and conferences must come away with positive

perceptions of both the technica! aspects of the system and the personal commitments on the part of

123

%"". .
0 %



- participating researchers. There is, perhaps, a sizable role for PAO in this area, and, in fact, recent

PAO support has been very effective. A workable program could be developed which would accomplish

more in this area and require less researcher time in the more time-consumptive portion of this effort.
jh

4. INDUSTRY AND ITS ROLE

Before industry is specifically analyzed, it should be noted that four types of players are commonly

required in the technology transfer of technologically advanced product/systems: R&D staff (USA-

CERL), users, university representatives, and industry. If all these players are in evidence, there is

strong reason to suspect a high degree of technological opportunity. An example of this could be built

around the GRASS development - where all elements are active and supportive. It is indeed likely that

USA-CERL will form the critical mass of this system, the universities will provide the long-term supply

of talent, industry will adapt and market (in the interest of hardware sales), and the user will reap the

benefit.

Industry does play an important role in tech transfer. USA-CERL must keep abreast of industrial

-trends (for example, automation) in order to insure the technical content of its product/systems and

' the ability of industry to supply necessary product/system components. In some cases, USA-CERL

has had to wait for this industrial capability (UNIX/C) and, in some cases, USA-CERL has created the

capability (Ceramic Anode). In both extremes, industrial ability to supply the appropriate technology

shas a significant effect on tech transfer.

Industry can provide a catalyst for tech transfer in cases where analogous requirements exist. This

has been true in the tech transfer of PAVER (for example) and for GRASS, in the future. In some

cases, this industrial acceptance lends legitimacy to the product/system in the eyes of the target DA

user (although it is unfortunate that this is necessary).

Industry can provide meaningful input to the R&D effort at all phases. The EM&S Team has

used interactions with Bell Labs to obtain insight into the future direction of some technical areas.

These interactions have taken the form of formal Beta-site type program and informal exchanges on a

personal/technical basis. In both cases, the exchange often led to design modifications of USA-CERL

- product/systems to account for recognized trends (approaches to software modularity, etc.).
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To stimulate interaction with industry, steps must be taken to get the appropriate exposure AND

interchange. Exposure is best initiated through laboratory management. Interchange will be the

responsibility of researchers and technical personnel in each agency. This will be more difficult to

achieve without appropriate incentives. In the development of such incentives, the desirable outcome

Awould be an environment where joint side-by-side research occurs on a natural day-to-day basis with as

%. little formality as possible in management.

.%. 5. CONCLUSION

This paper has attempted to tie tech transfer considerations through the life cycle of system

development, as observed through the development of a family of systems by the USA-('LL Environ-

mental Modelling and Simulation (EM&S) Team. Sensitivity to eventual tech transfer is essential dur-

ing all phases of system development, and development staff must constanrtlv be aware ,f the initerface

= .= . to users (on a personal basis) and its importance in assuring eventual user acceptance of the system.

Users must form an integral part in the development of systems arid an iterative, interactive process

brings about a better product.

The role of the military, universities, and industry in the development of USA-CERL systems has

been critical, although a concentration and dependence on one (to the detriment of others) is ill-

" advised. All have a role to play.

The best marketing strategy revolves around the development of a quality product which

represents user needs, provides payback to the user, and has a staff committed to the tech transfer pro-

- .Cess.
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CASE STUDY REVIEW: '%

CONSTRUCTION MANAGEMENT MICROCONPUTERS

by Jeffery J. Walaszek 4

Public Affairs Officer%.5.. S

"

%b%

Description of Technology

The use of microcomputers at construction sites can

assist U.S. Army Corps of Engineers personnel in more

efficiently managing the construction effort. The U.S. Army

Construction Engineering Research Laboratory (USA-CERL)

introduced the use of microcomputers at Corps offices at

construction sites. USA-CERL currently assists Corps

personnel in fielding and using microcomputers, and in

evaluating commercially available construction management

software applications.

Timetable of Activities

USA-CERL began its research in 1978 at a time before the

microcomputers had been fully developed. Field tests of .5

software applications for construction activities were

initiated in 1981 at Wright-Patterson Air Force Base in

Dayton, OH. These initial applications were run on .'
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minicomputers. Transfer of the minicomputer systems began

shortly afterwards when seven additional systems were

installed at separate Corps construction field offices.

During this time the microcomputer technology was advancing to

a point which made the minicomputer systems somewhat obsolete.

A decision was made at USA-CERL to go ahead with the transfer

efforts despite the systems already being on the verge of

U'obsolescence.
During this time, USA-CERL began research on using its

software applications on the newer microcomputers. The many

* advances in microcomputer technology redefined the research

role of USA-CERL. It was no longer necessary for USA-CERL to

develop software applications as several construction

management applications were now commercially available. USA-

CERL become a microcomputer information broker of sorts and

,,- advised Corps personnel on the benefits and disadvantages of

the new technology. Lab staff evaluated available

. microcomputer systems and software programs to assess their

usefulness to the Corps and then transferred this information

onto the field. Transfer of the microcomputer-based

.5. construction management systems began with the publication of

the "Microcomputer Selection Guide" in June 1983.
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Technology Transfer Approach 0

Informing the Field

"USA-CERL's efforts to inform the field of the

microcomputer technology consisted of the following

activities:

* Publication of "The Microcomputer Selection Guide for

Construction Management at Corps Field Offices," June 1983.

The quide was designed to introduce Corps personnel on how v

microcomputers could be used in the field office, explained

microcomputer terminology, identified hardware systems and

software applications commercially available, and identified

how one goes about procuring a microcomputer within the Corps.

A second edition of the Selection Guide was published in 1985.

* The "Micro Notes" newsletter is published by USA-CERL

three times a year. It contains articles written by field

users on how they are using microcomputers, new software

applications for construction management, and listings of

Corps-developed applications available from USA-CERL.

% The Microcomputer Users Group was started as a way to

exchange information among Corps users of microcomputers. The

group typically meets twice a year.

Implementation Strategies

The interviewee pointed out two things which are required

for successful technology transfer: 1) a product which is of

129 4
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~value to the user, and 2)having spokespeople for the

technology who have credibility in the eyes of the users.

The value of the product was demonstrated to a few

~individuals through the actual use of the product in the

,'-- field. USA-CERL funded the purchase ad installation of the

.. , minicomputers and software in field offices at construction

~sites. Many of the software applications demonstrated on the

., minicomputers were incorported for use on microcomputers.

' '-'This demonstration approach resulted in the user becoming a

• spokesperson for the technology. Typically, the field user

. does a researcher. The users group furthered this exchange of

~information from "credible experts" as Corps personnel spoke

to one another on their use of the technology.

Researchers also need to have credibility in the eyes of

th Tevl o The interviewee stated researchers a fe

inivdul thogghaculus ftepoutinth

Scredibility by listening to field and learning about their

reblems and their business. USA-CERL researchers have long

ibeen involved with construction managers and felt they had

iesnthat type of credibility. a

miipThe field's eagerness to use the microcomputer technology

"-4-

hin construction offices attracted the attention of Corps

i headquarters personnel. USA-CERL staff had solicited the

headquarters support for field use of the technology.

d a Headquarters recognition for he technology would make it

.'2v2 130 .
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easier for the field to procure microcomputers within their

own organizations. The groundswell of support from users in

the field prompted Corps headquarters to publish an

Engineering Regulation in June 1984 which authorized tne use

of microcomputers at construction sites.

Effectiveness of Transfer Activities

'. Informing the Field

The Selection Guide was step one in the education of

* potential users on the technology. Both the first and second

editions of the Selection Guide had to go into second

printings due to the numerous additional requests for it. The

.newsletters were perceived to be very valuable in keeping the

users up to date on new applications in the technology.

Information dissemination activities were well received

and probably benefitted from an overall increased awareness of

microcomputers within society. Microcomputer advertisements

on television and school children using computers and talking

about them at home have raised the awareness of computers by

adults. Society has become computer oriented.

In the cases of both the newsletter and the selection

, guide, extensive mailing lists were developed. The

publications were sent to those individuals who were perceived

3. by USA-CERL to be able to benefit from the technology and

those individuals who requested them.
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Implementation Strategies

The overwhelming use of the technology within the Corps

-I legitimized its use throughout the Corps and probably

encouraged others to use them. The newsletters and users

group conveyed the notion that microcomputers are needed and

accepted for use in the Corps--a corporate recognition of the

need for the technology.

This corporate recognition idea was very strongly

emphasized in the users group meetings. USA-CERL specifically

tried to make the users group meetings an avenue for the users

to step up and exchange ideas about what they did with

microcomputers. The agenda for typical users group meetings

consisted of two users speaking before the group to every one

technical person speaking from the lab. The idea was to

create this corporate recognition for the meetings--that these

were Corps users group meetings, not USA-CERL users group

meet ings.

The users group work well within a decentralized

organization such as the Corps. Decentralized organizations

leave the decision making to its subunits--such as Districts

'.p. and Divisions in the Corps. The users groups provide a 0

mechanism for exchange of information among peers which allows

the individual decision makers to make well informed decisions

from credible information.
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T e authorization for the ueof mi r c m u e s at

z'...construction offices provided by the Engineering Regulation

.d .-

was effective in allowing Corps personnel to seek funding for

procurement of systems. The benefits of the technology sold

the technology on its own merits. Demonstrated savings from

peers using the microcomputers was a major motivation behind

the adoption of the systems.

Expected or Encountered Problems

'p. The decision to go ahead with the implementation of the

S'p

minicomputers created some minor credibility problems as

."". suddenly the lab was seen as shifting gears on its own

00 technology when it went to microcomputers. USA-CERL found

itself having to defend its decision to go with microcomputers

every time a presentation was made on the topic.

In May 1985 the Corps headquarters requested USA-CERL to

. cancel the scheduled users group meeting until a clarification

could be made on the distinction between a users group meeting

and a professional conference. Under existing Army guidelines

- conferences have to be initiated by a headquarters office and

follow specific procedures on the makeup and number of

attendees.

Prior to this time attendees of users group meetings

... received a special invitation from USA-CERL. Those invited
0

were typically daily users of the microcomputers known to USA-
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CERL personnel. A decision was made that the meetings were in I
fact conferences and that each Corps District and Division

would send one representative to the meeting. "1

Nonusers often cite the time needed to learn the system

as a reason why they do not use microcomputers. "People are

so busy trying to get their heads above water, they don't have

the time to reach for the lifesaver." The managers typically

do not give their employees the time to learn the system.

Some employees also think that time spent learning how to use

a computer is wasted time that does not result in any

noticeable output. Computer adoption is also restricted by

computer phobia--the fear people have of using computers.

The interviewee raised the issue of when does technology

transfer stop. In the case of microcomputers, the technology

will continue to change. The Corps risks falling behind the

technology unless technology support activities are maintained

after the research staff moves onto different research

missions. The users groups concept and newsletters need to be

0 maintained somehow by the Corps. Until the mechanism to do

this is established, the research organization needs to

% maintain it.

0 Some users stated they did not receive copies of the

newsletter when it was sent through normal mail distribution

channels. USA-CERL discovered that occasionally individuals

would keep issues of the newsletter for their own reference
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purposes and not pass them on to the remaining individuals On

the mail routing slip. "

Improving the Transfer Process .

Overall, the interviewee thought technology transfer .)

activities were very effective. Some scheduling problems did

'I°

result in missed opportunities to make presentations to higher -.

level personnel such as conferences of Engineering Division .f

chiefs. In addition to selling the technology to those _ -

individuals who will be using it, it is also necessary to sell

the technology to those individuals who make decisions on

wherer their people should buy microcomputer systems or

should be using the technology. r

The problem of hording the newsletters could be resolved

by sending a supply of copies to the appropriate office chief

with a cover letter asking him or her to disseminate them to

microcomputer users in the office. e oh

It was also suggested to get training classes on-'

60

microcomputer applications for construction managers %l

incorporated into the Corps training program at the Huntsville

Division office. Giving individuals time to learn to use

microcomputers outside th te ew ould some of thed

computer fear and lack of time obstacles.
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Using Outside Experts k

The iaterviewee did not think outside experts were

* appropriate in this situation. A Madison Avenue approach to

communications activities would have been too slick for this

audience and would not have contained any credibility in the

eyes of the users.

0
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